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Accurately examining animal endocrine profiles pose unique challenges due to
possible human interaction influencing basal values. Standard methods of gathering
information about an animal’s endocrine status are often dependent upon restraint and use
of invasive methodologies. However, to accurately monitor the influence management
practices, blood sampling sometimes requires that hormone measurements be observed
from animals in a relaxed state. To this end, methods for non-invasive monitoring (NIM)
are greatly needed to obtain basal endocrine measurements. Such methods include fecal
collections followed by hormone extraction, and remote sampling technologies for
obtaining blood samples without handling. The overall objective of this study was to use
NIM techniques to effectively collect and monitor hormone profiles from domestic and
non-domestic species in an effort to more completely understand stress responses and
reproductive cyclicity in animals in which handling may not be possible or desired.
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CHAPTER I
INTRODUCTION
There is a need to develop new strategies to accurately collect endocrine
measurements from domesticated and wild animals. Determining stress and reproductive
status are important factors for implementing proper management techniques and general
population management from data obtained from these types of measurements. Repeated
handling, capture, and blood sampling have been prominent in research to collect data
pertaining to an animal’s physiological state. From these techniques, serum or plasma
samples are generated and analyses are performed to determine concentrations of
hormones. In many cases, data sets received from such trials are used as basal indicators
for a particular hormone that is being monitored. However, handling techniques may
affect the results due to any induced stress placed upon animals as samples are acquired.
The use of handling techniques to obtain blood samples can initiate a cascade of
endocrinological responses (Breuner et al., 1999). Over the past few decades, techniques
for the non-invasive monitoring of endocrine measurements have been developed and
used for research with several species (i.e. birds, mammals, reptiles, and fish) in both
domesticated laboratory animals as well as wildlife management (Schwarzenberger,
1996). In many cases, repeated sampling in non-domesticated species is not possible and,
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as a result, non invasive practices must be used to acquire the proper volume of data
needed for analysis. Using these practices, it is possible to reduce pain and discomfort as
well as obtain more frequent samples for more resolved data-sets (Smith, 2004).
Detection of female hormones (e.g. progesterone) are of great significance to many
conservational biologist for assessing reproductive status of populations as well as
researchers in general for refined management techniques such as estrus synchronization
procedures. Similarly, adrenocortical activity is of interest to many researchers because
of the influence on animal behavior, immune systems, and general population
performance (Millspaugh and Washburn, 2004).
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CHAPTER II
LITERATURE REVIEW

Physiology of Stress
A stressor can be defined as any experience placed upon an animal that will
demand a change from steady-state or homeostasis (Morgan and Tromborg, 2007).
Through the exploration of several biological systems, it has become feasible to describe
stress responses using physiological terminology (Mostl and Palme, 2002). Using these
indices one can observe stress responses in animals and quantify the results into means
that are comprehendible. Such measures of this physiological response can be seen as
tachycardia, increased respiration rates, increased glucose metabolism, and an increase of
glucocorticoid metabolites as seen by Morgan and Tromborg (2007). Several hormones
have been evaluated and subsequently correlated with stress responses in all mammalian
species. Reactions to stressful situations are governed in part by the actions of the adrenal
glands. These structures are associated with hypothalamic-pituitary-adrenocortical axis
and the symphathetic nervous systems as reported in literature by Moberg (2000). The
adrenal glands are activated by adverse situations resulting in increased stress-related
hormone secretion. This hormonal cascade begins with the secretion of corticotrophinreleasing hormone (CRH) which is released from the hypothalamus during a stressful
event. Subsequently, cortisol synthesis is initiated by the stimulation of the anterior
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pituitary via adrenocorticotropic hormone (ACTH) post introduction of CRH. These
initial defenses from the endocrine system function to support the animal when a stressful
situation is encountered (Mostl and Palme, 2002). With this said, not all stress is
perceived as a threat to the animal’s well-being as described in literature by Mostl and
Palme (2002). Noted by Broome and Johnson (1993), increases in cortisol concentrations
have been seen in situations not considered stressful including courtship, copulation,
hunting, and even parturition. These situations are not endangering the animal yet the
increased production of glucocorticoids may enhance the animal’s productivity. Stress
observed in small amounts by animals show that the release of glucocorticoids can
improve the subjects welfare by magnifying energy metabolism efforts and assists in
behavioral changes needed for the animal’s survival (Broome and Johnson, 1993). This
can be perceived as a positive effect from stress-induced activities contrasting the
destructive effects previously mentioned.
Cortisol has also been noted to have a circadian rhythm in many species noted by
Broome and Johnson (1993). Chronic stressors may interfere with these rhythms and
influence a change in animal behavior. Such stressors can be viewed as environmental
issues (e.g. re-introduction, poor habitat, nutrition, etc.) or inferior management practices.
Stress can also be induced by temperature changes and poor animal housing. Prolonged
stress has also been known to decrease animal fitness by immunosuppression and atrophy
of tissues, along with a decline in reproductive function (Mostl and Palme, 2002). With
this said, chronic stressors may alter normal rhythmic activity in animals over time as
seen in studies by Przkop et al. (1985). Situations such as these severely jeopardize
animal welfare and production efforts in management settings. These animals will not
4

yield proper specie-specific characteristics and therefore fail to meet standards for
industry sales and/ or propagation efforts in conservation practices.
Motives for Stress Management
Understanding the interactions between behavior and environment is key to
improving animal well-being. Often unrecognized by handlers, customary management
practices may induce unnecessary stress to animals creating a possible onset of
reproductive and/or production failure. These reasons alone are enough for one to be
concerned about the quantity of stress placed upon animals in captivity.
Zoological
Scientific exploration is important for the comprehension of zoological species by
assessing animal care and monitoring the interactions within their captive environment
(Smith, 2004). Research in zoological settings can lend themselves to conservation
programs for important species and facillitate studying animals more thoroughly than
those located in the wild. With this, it is possible for researchers to become better trained
in management techniques and also allow the development of methods and techniques for
field studies (Smith, 2004). In such settings, maintaining natural species characteristics
and population longevity is of great concern. Animals are often rescued from wild
habitats and reintroduced into a captive environment that can often be stressful for the
subjects. Maintaining proper welfare of these animals is very important to the longevity
of the captive species. Extreme care must be used when managing wild animals and often
standard invasive measurements are not permitted. Minimal stress is of immense concern
(Smith, 2004).
5

A study by Morgan and Tromborg (2007) examined the sources of stress placed
on animals when captive. Within the article, researchers placed their focus on
uncontrollable stressors that animals will face in a captive environment with the purpose
of identifying and describing the stressors in conjunction with assessing literature that
suggests that they have adverse effects on captive population.
Abiotic Environmental Stressors
Morgan and Tromborg, (2007) stated that most man-made environments in the
past were not suitable for proper maintenance of captive animals. With this said, these
captive environments did not provide animals with similar opportunities found in their
native environment in which the animal could interact with their surroundings in ways
that promote psychological development, decreasing the display of species-typical
behavior (Morgan and Tromborg, 2007). More stimulating environments offer animals a
greater opportunity for exploration and, when needed, nesting areas can provide shelter
from constant observation (Morgan and Tromborg, 2007). Currently, researchers have
enhanced welfare practices and established new ways to capture “natural” aspects (e.g.
sound, lighting, odors, thermal and tactile experience, etc.) and placed them in captive
environments (see Markowitz, 1982; Markowitz and Spinelli, 1986; Shepherdson et al.,
1998). Given these changes, Morgan and Tromborg (2007) concluded that increased
environmental stimuli give animals options to react individually to captive conditions.
Also, environments must take into account issues of concern that are restricted by
the zoological parks themselves (e.g. pen size, retreat space, proximity to humans, etc.)
Human interaction and maintenance of animals in captivity have been proven as stressful
6

for captive animals (Morgan and Tromborg, 2007). Urinary cortisol was positively
correlated with the number of visitors in zoo-housed spider monkeys (Davis et al., 2005)
and human caretakers observed by lab-housed rhesus macaques have been shown to
increase heart rate even after two years of study during which all behavioral responses
seemed to have ceased (Line et al., 1991). Human presence has also been described by
Bakkan et al. (1999) to result in stress induced hyperthermia in farmed silver foxes.
Carlstead et al. (1999) provided insight that in black rhinoceros breeding success in U.S.
zoos animal mortality rates was positively correlated with the degree of public access to
the subjects.
Yet in some cases, aspects such as human interaction may help reduce stress and
abnormal behaviors noticed in captive animals such as primates (APHIS, 1999). Baker
(2004) noticed in one study that increased positive human interaction with chimpanzees
was directly associated with decreases in abnormal behavior, decreased aggression, and
increased social grooming. It is important to understand the nature and degree of human
interaction to properly associate stressors from husbandry practices. Morgan and
Tromborg (2007) stated the effect of human contact, even with “social” species, varies
widely depending on the nature of contact along with the animal’s past experiences with
humans.
To this degree, stressors placed on captive animals must be monitored carefully to
preserve the species-specific behaviors of animals that would normally be observed in the
wild. Captive animals cannot control aspects of their environment and therefore this issue
lends itself to an increase in stress response within captive environments (Sambrook and
Buchanan- Smith, 1997). Animals in captivity often have no control over social
7

partnering or mates, nor can diet or food availability be manipulated (Morgan and
Tromborg, 2007). The unpredictability of such events often induces stressors in captive
species unknown to their counterparts in the wild.
Agriculture
Animal husbandry practices in agricultural settings are often seen as more
aggressive procedures than those seen in the zoological setting. This is in part due to
larger population numbers and expeditious methodologies that often do not take into
account the possible stress being placed on the animal. Unfavorable consequences from
such actions can result in discomfort towards the animal or even death (Dantzer and
Mormede et al., 1983). A study by Ludvigsen (1955) states that farm animals are often
more prone to unfavorable consequences of stress due to genetic selection, and
environmental pressures have oriented their metabolism toward anabolism instead of
defense mechanisms. Because of this, animals are often subjected to drugs that reduce
stressors (e.g. tranquilizers, antibiotics, growth hormones, etc.) that provide what genetic
selection has limited (Dantzer and Mormede, 1983).
In agricultural instances, animal production (i.e. muscling, hair/wool or milk
yield) and reproduction are main focal points. Assessment of stress can inherently
provide details of the population’s welfare and provide answers to any problems
associated with these indices. Many management techniques on farms are known to
induce stress to the population but the degree in which it is enhanced must be minimal to
keep a homeostatic balance (Schwarzenberger et al., 1996). Dantzer and Mormede (1983)
stated, “the nature of stress is built in a circular manner, in which unexplained decreases
8

in production and pathological losses could be accounted for in a “pseudoscientific”
way.” This was confirmed by several researchers interested in meat production in pigs
that could explain the incidence of pale, soft, exudative syndrome (PSE) in pigs
(Ludvigsen, 1955; Bugard et al., 1959; Judge et al., 1966) Results confirmed that swine
identified with PSE are inherently more stressed than those with normal carcass
characteristics.
Studies by Dantzer and Mormede (1983), provide insight that psychological
factors are as effective as physical events in increasing pituitary adrenal activity (i.e.
factors contributing to cortisol release) when using corticosteroid measurements as an
index of sensitivity of environmental stimuli. A study of pigs exposed for 10 min to a
new environment or inescapable electric shock was proposed to measure HPA activity of
“stressed” animals. Results confirmed that in both cases stress was literally the same,
advocating that exposure to new environments is indeed a powerful stimuli without
inducing “physical pain” (Dantzer and Mormede, 1983). Studies of farm animal
behavioral stress have been used in many species confirming Dantzer and Mormede’s
findings (pigs: Fraser, 1974; Dantzer, 1977; chicks: Faure, 1975; Jones, 1977; sheep:
Torres-Hernandez and Hohenboken, 1979; Moberg et al., 1980).
In dairy farming, stress levels of a cow can not only impact productivity and
depress social behavior, but it can also diminish overall health. Modern dairy cows have a
production life span of approximately four lactations, and cows that are stressed or
treated purely to maximize milk production have a shorter production life (Fulwider et
al., 2008). This insinuates that farmers that consistently strive to produce more milk may
have increased operating costs due to greater animal replacement rates or cow loss
9

because of preventable disease due to poor stress management. Locating stressors in
these management practices may lower health risks and thereby increase overall animal
productivity. Social stressors in dairy cattle also include stall dimension insufficiencies.
When not properly designed, cows may be forced to behave in an unnatural manner and
social relations among the herd may become compromised thereby increasing stress
parameters amongst low standing cows in the herd (Fulwider et al., 2008). Design of
working areas, such as milking parlors, should be created in an effective manner because
these areas play major roles in possible stress inducing circumstances. When milking, it
is pertinent that the animal is comfortable and equipment is properly functioning. If the
cow feels threatened or is in pain due to malfunctioning milking equipment, increased
stress may lower production and decrease the general welfare of the animal, invariably
decreasing yield overall, and increasing the possibility of cow loss.
Non-Invasive Monitoring Techniques
To acquire a true basal level of hormonal profiles, less invasive sampling methods
are required. Thus, samples must be taken with minimal handling while attaining
comparable amounts of data as more invasive sampling methods (Cook et al., 2000).
However, for successful exploration of endocrine function, repeated sampling for
hormonal evaluation is necessary. To this end, methodologies using collection techniques
that do not overwhelm an animal with unnecessary stressors must be used to gather this
type of data.
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Fecal Metabolite Measurements
In many species repeated blood sampling is unfeasible, and therefore urinary and
fecal evaluations have proven valuable. An animal’s feces can implicate several
physiological indicators including stress level, seasonality, and dominance due to the
passage of circulating hormones and hormone metabolites such as glucocorticoids
(Bokkenheuser et al., 1980, Bahr et al., 2000; Cavigelli et al., 2003). Monitoring of
reproductive function via fecal metabolites was developed originally using female
hormone assessments in urine samples (Lasley et al., 1991). Fecal measurements were
developed earliest for sex determination in monomorphic birds (Bercovitz et al., 1978),
but firstly described for estrogenic analysis in determinations of pregnancy in the human
female (Alderkreutz and Martin, 1976). Farm animal estrogenic determination protocols
were developed in the following years (Mostl et al, 1983; Mostl et al, 1984; Bamberg et
al., 1984; Choi, 1987). Fecal glucocorticoid studies have also been conducted in a variety
of species including fish, marsupials, and laboratory mice (Touma et al., 2003, Ellis et al.,
2004, Paris et al., 2002). Studies of aquatic species proved more difficult due to dilution
from water and sample collection methodologies (Paris et al., 2002).
Fecal samples are collected naturally after defecation, while the subject is
unaware of any testing efforts. Methods for collection include manually collecting fecal
droppings from the animal’s pen, placing a bag upon the animal to collect fecal matter, or
crosshatched drainage systems (Wasser et al., 2000). An important factor in this
technique is obtaining a positive identification of fecal droppings with each animal to
provide consistency among metabolite collection. The collections must be processed or
frozen as soon as possible to prevent glucocorticoid denaturization within samples
11

(Wasser et al., 2000). In most cases, sample size was of little importance, but in instances
of smaller animals (i.e. avian species, rodents) the entire fecal collection may constitute
as a single sample during analysis (Millspaugh et al., 2004, Astheimer et al., 1992). In
situations such as these, fecal collections must be made as often, and precise as possible
to ensure proper sample size and eliminate assay variation among sample. Within these
studies, hormonal profiles have been completed using excreted glucocorticoid values
with results that are comparable to standard serum profiles.
Case Studies
Schwarzenberger et al. (1996) performed a study in which wild and captive zoo
animals were compared using fecal and serum metabolite evaluations. Findings from the
study concluded that measurements obtained are similar to blood serum values found in
previous studies of the same species. Fecal cortisol analysis proved highly efficient and
had strong correlations with serum analysis without inducing a pronounced stress
response. Within the profile analyzed via fecal analysis, a significant lag time was noted.
The delayed response is due to the differences between circulating and excreted
glucocorticoids. After identifying lag time lengths, the data could be positively correlated
with blood serum analysis. Using this knowledge, it is possible to create a more
“comfortable” habitat for animals, prolong life spans, and promote propagation efforts for
both captive and “stressed” animals in the wild (Paris et al., 2002). The literature is
extensive regarding fecal hormone monitoring, therefore for illustrative purposes, below
are several case studies across animal species as examples of this type of monitoring and
its uses in research.
12

Ring- Tailed Lemurs. Dominance level or “pecking order” has also been attributed
to cortisol levels in some species. A study by Cavigelli et al. (2003) imparts a link
between female dominance level and reproductive status in ring tailed lemurs. Three
studies showed that dominant females have higher glucocorticoid concentrations than
subordinates (see Saltzman et al., 1994; Creel et al., 1996, 1997). Confounding studies
also elaborated that lowest ranking females maintained the highest glucocorticoid level of
the population (see Shively et al., 1997). To this end, Cavigelli (2003) conducted a study
using ring tailed lemurs (n=39 adult females) across three sites. Behavioral studies were
conducted firstly over a 6 week period and positively identified fecal samples were
collected from a 2-3 week period near the end of behavioral data collection. Dominance
status was determined by tabulating all aggressive and non aggressive agnostic
interactions among females into a matrix. Extraction techniques for the hormone profiles
from the collected fecal samples were processed as described by Cavigelli (1999).
Results from both behavioral analysis and hormone profiles indicated that mean corticoid
levels differed significantly among the five dominance positions of the matrix. The
relationship between rank and corticoids was dichotomous and the two top ranking
females had corticoid levels distinctly higher than lower ranking females (Cavigelli et al.,
2003). This proves that corticoid concentrations play a major role in pecking orders of
ring tailed lemurs and results such as these were seen in previous studies examined by
Cavigelli (2003). Though this study provides a link to dominance and cortisol
concentrations, other studies show no link between the two, leaving one to believe that
this area of research may be species specific (See Smith et al., 1997; Stavisky et al.,
2001).
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Birds. A study by Dehnhard et al., (2003) presented insight of possible fecal
glucocorticoid metabolite measurements in the chicken, great cormorant, and goshawk.
Blood samples were collected to establish baseline parameters or comparative efforts
using fecal analysis. Fecal sampling was used as the primary collection methodology to
obtain corticoid measurements due to the increased release of corticosterone often found
in avian species within minutes of restraint (Place and Kenagy, 2000). Chickens (n=5 per
group) were treated with injections of ACTH and dexamethasone to stimulate or suppress
adrenocortical activity respectively. Control animals (n=6) received injections of NaCl.
Blood samples were obtained via cannula in the brachial vein in 60 min intervals for
control animals and 15 min intervals for treatment groups. Fecal samples were collected
simultaneously from cage floors within an hour of defecation and frozen (-22°C) in small
plastic bags.
An investigation of whether goshawk nestlings infected with T. gallinae differed
in corticosterone metabolite concentrations compared to healthy subjects was proposed
using 20 fresh fecal samples from 10 nest sites. Hatchlings were swabbed and tested for
T. gallinae concentrations via pharyngeal swabbing. Intensity scores of T. gallinae
infections within nests were defined as the product of the number of nestlings and
percentage infected per nest (Dehnhard et al., 2003).
Results for the chicken study revealed an increase in corticosterone found in fecal
samples within the ACTH challenged group as expected by a factor of 6 compared to pre
treatment levels. This was confirmed by plasma cortisol concentrations. Corticosterone
concentrations were not detectable in the dexamethasone treatment group, leading to
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measurements comparable to the saline treatment group. Variability amongst samples in
all groups was evident due to individual response to exogenous hormone introduction.
Studies of fecal collections in the goshawk revealed no significant difference
between healthy and infected individuals. Yet, there was a significant increase in
glucocorticoid metabolite concentrations with the number of nestlings per nest.
Dairy Cattle. Morrow et al., (2002) examined fecal gluccocorticod metabolites as
a measurement of adrenal activity in dairy cattle. Fecal collections were performed from
dairy cows at Dexcel Ltd., while in their native habitat and grazing. Pregnant, nonlactating Holstein cows (n=5) were sampled over a 5 day period in autumn and again in
the spring (59.4 ± 3.5 days postpartum). Cows were tested with two injections of ACTH
for hormone assessment purposes on day 3 of the study using a protocol that reliably
elevates plasma cortisol concentrations for 4-6 hr (Morrow et al., 2002). Blood samples
were taken via tail venipuncture at 0900 hr on days 1 and 2, followed by more intensive
sampling on day 3. Fecal samples were collected on Days 1-3 (pre-treatment) and from
all spontaneous defecations 8-45 hr post ACTH. Samples were collected fresh and stored
on ice until frozen (-20°C) before being freeze dried. For extraction purposes, ~ 60 mg of
well mixed powdered feces was suspended in 80% methanol (5 ml) and vortexed for 30
min, then the supernatant was diluted (1:10) in buffer and frozen (-20°C) until analysis.
Examining fecal collections of the pregnant non-lactating cows revealed an increase in
corticoid metabolites 8 hr after ACTH administration. Concentrations peaked between 14
and 18 hr post injection and concentrations were noted as more than 2.5 fold higher than
baseline levels. Non pregnant lactating cows yielded individual increases 8 hr post
injection and remained elevated for 13 hr which did not differ from non-lactating cows.
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Concentrations analyzed by corticosterone assay were higher in the lactating cows, but no
significant difference in total metabolite response to ACTH was noted between the two
groups (Morrow et al., 2002).
An animal’s seasonality is important in maintaining proper population levels in
natural environments as well as in captivity. Progesterone metabolite concentrations can
be measured from fecal collections in the same manner as cortisol. This process can
provide very useful knowledge regarding the animal’s estrous status (Paris et al., 2002).
Many endangered species estrous lengths are based on domestic animal models. Non
invasive progesterone measurements are especially informative within species classified
as endangered or “vulnerable” (Pereira et al., 1999). Samples can be taken from
positively identified animals in the wild without inducing stress. The data may detail
estrous length of certain animals with little or no research literature available to the
public. The species specific results may provide useful notes to encourage propagation
efforts (Cavigelli et al., 2003).
Moose. Monfort et al. (1993), used a captive moose population as a model for
other species to monitor reproduction techniques via fecal metabolites. Studies such as
this have been verified from analysis of excreted metabolites in other species (Eld’s deer :
Monfort et al., 1990 and Pere David’s deer: Monfort et al., 1991) Fecal samples (n=75)
were collected from 11 female moose subjects between December 1988 to May 1989. A
single post-partum sample was collected from each of the 2 adult cows in June 1990.
After defecation, fecal samples were randomly sub sampled and frozen (-20°C) in plastic
bags until further analysis. Samples were processed as described by Wasser et al., (1991)
and analyzed using an RIA procedure described by Risler et al., (1987). Results yielded
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great variation in mean concentrations of progesterone, but could be separated into two
groups, indicating pregnancy and non pregnancy. Using this classification, 85% of the
individuals were correctly classified. The 15% of subjects incorrectly classified were later
determined to have possibly naturally aborted. Such monitoring provides a conducive
environment for artificial insemination techniques as well as natural mating (Millspaugh
et al., 2004). Findings proved helpful in monitoring pregnancy rates and seasonality of
animals found in the wild, and further solidified early experimentations of fecal
progesterone measures.
Scimitar horned Oryx. Morrow and Monfort (1998) studied ovarian activity in the
Scimitar horned Oryx via fecal analysis. Animals (n=5) were maintained in 0.1 ha pasture
with access to natural shade and sampled for 38 days. Fecal samples were collected from
the enclosure substrate after defecation, or directly from rectum during individual
restraint. Samples were processed and steroids were extracted using a method modified
from Wasser et al. (1994). For comparative measures, the use of a real time B- mode
diagnostic ultrasound scanner was used to survey each ovary of all animals several times.
Images of ovarian structure were freeze-framed and measured by the system’s electronic
calipers. RIA results of progesterone measurements exhibited evidence of spontaneous
ovarian activity and luteolysis during the 38 day period through both fecal and
simultaneously drawn blood sampling indices. Using fecal progestin measures, it was
possible to determine luteal and interluteal phases of estrous cycles in all animals. These
results were confirmed by serum measurements along with the presence of corpus lutea
present on ovaries during ultrasonography.
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Urinary Metabolite Measurement
Stress and reproductive hormones can be measured non-invasively via voided
urine from wildlife species (Lasley and Kirkpatrick, 1991). Studies by Monfort et al.
(Eld’s deer, 1990; David’s deer (1991) have effectively demonstrated the feasibility of
identifying the onset and cessation of seasonally regulated reproductive activity (e.g.
pregnancy, reproductive cycle) and endocrine events associated with the process of
parturition (Monfort et al., 1993). Male reproductive hormones have also been measured
via urinary metabolites of circulating testosterone in primates (Mohle et al., 2002).
Excretion products in urine are accumulated over several hours and therefore their
urinary concentrations can be seen as more integrative than concentrations found in
plasma and consequently may be more accurate for the detection of variations in
hypothalamo-pituitary- adrenal axis and sympathetic nervous system basal activity
(Dehnhard, 2007). Urinary metabolites may be measured for similar concentrations (e.g.
progestins, corticoids, catecholamines, etc…) as other non-invasive collections (e.g. fecal
sampling) and standard blood collection. Urine is often voided more frequently than feces
and can therefore be collected more regularly. Animals usually urinate upon waking
which can facilitate collection opportunities. This is pertinent to studies which require
large amounts of sampling over short periods of time. Many animals also urinate for
scent marking and therefore increased frequency and supply is available (Smith, 2004).
For illustrative purposes, below are several case studies across animal species as
examples of this type of monitoring and its uses in research.
With its frequency and large supply available, urine collection can still pose
challenges. Collecting urine samples often is governed by animal location. If the animal
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is housed in an exhibition pen with counterparts, it may be difficult to retrieve proper
volumes due to interaction from other animals or urine soaking into the substratum. Also,
in field settings, urine must be captured in a funnel device which can involve following
animals until excretion occurs (Smith, 2004). Urine excreted into the soil or on plants
cannot be collected as an effective sample.
Case Studies
Moose. Monfort et al., (1993) study of captive moose populations using urinary
metabolites provides insight to the usefulness and comparative nature of excreted
hormones. In the study reproductive hormones were measured using both voided feces
and urine. Over a 6 month period, daily urine samples were collected from 2 adult cows
over an entire estrous cycle followed by approximately weekly samples until 2 weeks
post partum. Urine samples (10 ml) were collected by intercepting the urine stream via 3 m pole with a vial attached at its end. Samples were preserved by freezing (-20°C) until
assayed. Urinary estrogen conjugate immunoreactivity was assessed in duplicate as
described by Monfort et al., (1991). Cyclic fluctuation in urinary pregnanediol
glucuronide (PdG) was observed within samples, along with correlating estrus behavior.
Prior to this study, estrus behavior was only detected using visible observations in moose
populations (Monfort et al., 1993). With this knowledge, urinary PdG can now be used to
detect the day of estrus without the use of a bull, permitting the use of controlled studies
on timing and synchronization of the estrous cycle. During pregnancy, concentrations
increased as much as 5- fold. Peaks of PdG varied between the two animals with one
peaking at mid to late gestation, and the other during the final week. This trend has also
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been seen in other Cervidae (red deer: Kelly et al., 1982; white tailed deer: Plotka et al.,
1977; Elds’s deer: Monfort et al., 1990; David’s deer Monfort et al., 1991). To this end,
estrogen conjugate immunoreactivity did not prove useful for tracking estrous, but did
show representative data of declining concentrations with late pregnancy diagnosis and
parturition (Monfort et al, 1993).
Primates. Studies of non-human primates show possible use of urinary metabolite
assessment (Anestis and Bribiescas, 2004; Mohle et al., 2002). A study by Anestis and
Bribiescas (2003), presented insight into rapid changes in chimpanzee cortisol
concentrations via urine analysis. The study was based upon a group of juvenile male
chimpanzees (n=6) that were conditioned to urinate upon command. Sampling was
conducted over 2 months. Subjects did not provide signs of stress or excitement during
collection (e.g. rough self scratching, fear faces) that would skew findings (Anestis and
Bribiescas, 2004). Samples (n=91) were collected several times a day with 15 min to an
hour between sampling to prevent sampling procedure influence on concentrations
(Anestis and Bribiescas, 2004). Samples were refrigerated within 3 h, and frozen within 8
h. Samples were assessed for corticoid measurements using a hormone specific antibody
and a four position tritiated cortisol tracer. Analysis of cortisol showed evidence of a
diurnal rhythm, decreasing throughout the day. Morning samples tended to exhibit a
greater range of variation than afternoon and evening samples which can be expected
based on higher cortisol values found in the morning hours. These results have
implications for protocol and experimental design due to time-smoothed values and
behavior relationships.
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Dairy Cattle. Urinary cortisol has also been monitored as an approach to measure
stress in dairy cattle. Higashiyama et al. (2007) performed a study in which effects on
transfer from outdoor grazing to indoor containment and return had on cortisol
concentrations and behavioral responses in dairy cattle. The study focused on a group of
cows (n=7) which were transferred from pasture to an indoor tethered environment and
returned to pasture after four weeks. Indoors, the animals were tethered in a row with 1m
long chain or rope at the cow’s collar and front partition. One meter separated the animals
and no dividing partition was in place thereby allowing cows to socially interact.
Observations were performed one week before transfer to pasture return and four weeks
post return. Spontaneously voided urine was collected weekly and additional samples
were collected daily for one week after transfer. Thirty ml of urine was filtered for
analysis and stored at (-20°C) until assayed for cortisol concentrations using a
commercial immunoassay kit (Oxford biomedical Research, Inc., Oxford, MI, USA).
Results yielded a 3.4 fold increase in urinary cortisol after cows were moved to indoor
tethering, compared to pre-indoor tethering (Higashiyama et al., 2007). Within the first
week, cortisol concentrations remained higher in tethered conditions than those from
outdoor grazing, but declined and remained at basal concentrations during the last three
weeks. This study demonstrates the use of urinary corticoid measurements in determining
transfer/ habitat stress of animals with evidence of adaptation due to declining levels of
cortisol near the end of the trial.
Equine. Though the manner in which urine collection is performed may seem
difficult, optional methodologies are available. Jongman et al. (2005) conducted a study
examining behavioral and physiological measures of pregnant mares fitted with a novel
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urine collection device. The device consisted of a harness, perineal silicon rubber pad and
a urine collection bag. This device allows urine collection of mares while the animals are
loose housed or in pasture, rather than tethered to stalls as seen in other areas (Jongman et
al., 2005). In this study, urine collection was not performed to measure urinary
metabolite, but as a means to collect pregnant mare urine for pharmacological purposes.
Using pregnant mares (n=24) from a variety of breeds, 12 mares were used as treatment
(i.e. wearing the urine collection device), and the remaining 12 were control subjects.
Treatment mares wore the device for 15-17 h a day, 5 days of the week, for 6 -7 weeks.
Control mares received brief handling to simulate harnessed conditions. Behavioral
observations were also examined over the duration of the study for physical expressions
of stress and/or discomfort. Basal cortisol levels and an ACTH challenge were presented
to examine HPA activity. Urine was not analyzed for corticoid metabolites as the study
was based on animal response to the device itself. Corticoid measurements were
examined using other means (e.g. salivary metabolites) Results from behavioral
observations yielded no differences in walking, standing, eating or lying down between
treatments. Jongman et al., (2005) also reported no differences between treatments in
latency to urinate after unit removal. Heart rate, basal cortisol, gait analysis, and body
weight differences had no significant differences throughout the duration of the study.
With analysis like this, it can be assumed that the urine collection device provided little to
no discomfort in the animals and did not yield a stress response. To this end, the device
could be seen as a less invasive method of urine collection in equine.
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Salivary Metabolite Measurement
The assay of saliva has been an increasing area of research interest in which
implications for basic and clinical purposes are apparent. Analysis of saliva provides a
positive indicator of the functions of various organs within the body (Chiappin et al.,
2007). Compared to other excreted hormone measurements, saliva metabolite
concentrations have minimal lag time (Smith, 2004). Another advantage of saliva
collection is that it's a good indicator of biologically active plasma “free” cortisol
concentrations. Free cortisol can be measured due to the acinar cells lining the salivary
glands prevent proteins and protein-bound molecules in plasma from entering saliva
(Kirschbaum and Hellhammer, 1994).
Collection methodology varies from simple swabbing of the subjects mouth,
allowing the animals to suck or chew on a rope, or allowing the subject to chew on gauze
often coated in a sweet tasting substance that is of interest to the animal. Many methods
have been tested and it has been determined that the procedure depends mainly on the
species in question (Cross et al., 2004).
The use of saliva for hormonal assessment has its faults. In some cases, hormones
may be present in miniscule amounts due to small sample size. Also, viscosity of the
sample may make it hard to manage, and also proves difficult in correcting for sample
consistency. Also, it is dependent upon the situation, thus strict consistency of sample
methodology is required when measuring daily totals (Smith, 2004). For illustrative
purposes, below are several case studies across animal species as examples of this type of
monitoring and its uses in research.
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Case Studies
Dairy Cattle. Negrao et al. (2004) proposed a study in which cortisol
concentrations in dairy cattle were examined after an ACTH challenge and milking
procedures via saliva and plasma indices. The ideology of examining saliva metabolites
in this study is based on the fact that time periods between applications of the stressor and
collection of the samples cannot be controlled as well using other non-invasive
procedures such as fecal and urine sampling (Negrao et al., 2004). The objective of the
study was to examine the relationship between changes in cortisol following the
activation of the HPA axis via ACTH injection modeling severe stress and milking as a
normal physiological stimulus.
The ACTH challenge was administered to 3-mo old Holstein calves (n=13) via
polyethylene catheter inserted non-surgically into the jugular vein of each calf. Blood
samples for plasma determinations were sampled at -40, -20, and 0 min before, and at 20,
40, 60, 120, 180, 240, 300, 360 min after ACTH injection followed by saliva collection at
each time point. Saliva collections were done using cotton swabs placed manually into
the animal’s mouth. In the second experiment, Holstein cows (n=6) between 3 and 4 yr of
age were housed and milked twice a day in individual stalls. Blood collection was
performed in the same manner as the ACTH experiment and saliva was also collected
using the same methodology as described above.
Blood was analyzed using conventional methods. Saliva swabs were placed into
syringes and 2 mL of fluid was collected after the plunger was depressed and placed in
test tubes. The saliva samples were then lyophilized. Determinations for saliva were
made using an enzyme immunoassay (Neogen, Lexington, KY), and tested in duplicate.
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Results from the first study yielded a significant increase in cortisol
concentrations after ACTH administration in comparison to baseline measures within
both fluids. Cortisol concentrations were substantially higher in plasma measurement
than saliva, but there was a significant and positive correlation (r=0.71, P<0.01), between
the two indices (Negrao et al., 2004). Analysis from the milking study yielded similar
results with both indices proving insight of increased cortisol concentrations after milking
with a decline to baseline when the “stressor” was removed. Once again, plasma
corticoid concentrations were higher than saliva, but a significant and positive correlation
(r= 0.63, P< 0.01), between the two sample types were observed (Negrao et al., 2004).
With this data, one can classify the response to ACTH or milking as high or low based on
the integrated surface beneath cortisol curves corrected for basal concentrations (Negrao
et al., 2004).
Marmosets. Saliva sampling has also been used to assess the cortisol levels in
unrestrained common marmosets and the effect of behavioral stress (Cross et al., 2004).
The subjects (n=8; 4 males, 4 females) were taken from three different family groups and
housed in isolation to detect cortisol fluctuations due to social stress. In isolation, the
animals had no visual or olfactory contact to other members of the group. Pre-isolation
cortisol determinations were collected before being transported from their home cage.
After entering isolation for 15 min, a saliva sample was taken along with a second sample
within the following 5 min then returned to their home cage. Saliva samples were
collected using cotton buds in which they were allowed to chew. This procedure was
repeated for all eight animals over a two week period.
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Saliva samples were analyzed using an Orion Diagnostic kit (Espoo, Finland)
which had been validated in previous non-human primate studies (e.g. Keenan et al.,
2002). Results yielded a significant increase from pre-exposure level to the period
immediately after isolation and also an increase from pre-exposure to 5 min after return
to home cage proving that isolation does increase cortisol concentrations in marmosets
(Cross et al., 2004). To this end, salivary metabolite measurement is an effective method
to detect fluctuations in cortisol concentrations in non-human primates.
Remote Blood Collection
Since the inception of non-invasive monitoring, collecting serum and plasma
samples in such a manner has always been of interest to many researchers. Traditional
methodology of obtaining these samples can often induce stress-related hormone release.
To reduce stress levels of the subject and the release of stress-related hormones that may
confound results, it is necessary to refine experimental procedures avoiding restraint,
handling and standard sampling methods (Royo et al., 2004). A true basal concentration
of cortisol can provide conservational biologists with an idea of a captive animal’s
adaptation to the environment in relation to its wild counterpart. A basal concentration is
considered the lowest possible stress load (i.e. cortisol level) placed upon an animal in its
natural environment, without disturbance, or interference. With this, researchers may be
able to indicate a stressor in a habitat, or for research purposes, induce stress responses
for better comparative measures.
Remote blood collection is a technique in which scientist may obtain blood
samples from animals using a less invasive approach. The technique is comprised of the
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use of a collection device that can be attached directly to the animal via jugular catheter,
or the animal can be housed within (e.g. mice) and samples are taken on timed intervals
which are preset by the user. The mechanism itself houses a pumping system and
collection tubes in which the samples are stored until the system is removed. Though the
method of attachment may appear invasive, the actual sampling procedure is less stressful
and more accurate than manual blood sampling (Royo et al., 2004). Firstly mentioned is
the use of automated sampling of blood parameter in sheep (Farrel., et al. 1970); a device
that could retrieve blood samples after being attached to the animal and pre-programmed
with specific time intervals. Later researchers developed devices that could perform
similar tasks in horses, cows, deer, seals, and mice (Bubenik and Bubenik, 1979, Falke et
al., 1985; Peters et al., 2000). Remote blood sampling devices can also be used in
conjunction with wildlife management programs to gather blood parameters on animals
which are easily stressed or are not permitted to be handled for extended periods of time
due to population characteristics. Use of such devices require less handling and improve
management techniques by benefiting animal welfare.
Techniques such as these have currently been proven efficient in hormonal
profiling in both domestic and non-domestic species (Matsuura et al, 2004; Dehnhard et
al. 2003). Exotic and endangered species pose problems in regards to standard monitoring
techniques due to laws or limited number of subjects. Non-invasive monitoring
techniques will allow researchers to locate values directly correlating with specified
animal excreted corticoids, and provide insight for endangered or exotic species and
possibly decrease the use of surrogate model research which is used to extrapolate one
species to another. (Millspaugh et al, 2004). For illustrative purposes, below are several
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case studies across animal species as examples of this type of monitoring and its uses in
research.
Case Studies
Reindeer. Studies of automated blood sampling towards indicators of
physiological stresses in reindeer have been proposed by Sakkinen et al. (2004). This
study was used to compare manual blood sampling methodology with the less invasive
automated blood sampling equipment (ABSE) developed at the Macaulay Institute on
plasma cortisol and catecholamine concentrations, that could be used to study stress
responses in reindeer under a variety of management systems. The study was composed
of two parts. During the first experiment, a treatment group of immature female reindeer
(n=8) were sampled with ABSE for ~27 h and then by manual blood collection for ~ 24 h
beginning three days later. The second experiment established heart rate and body
temperature in the same group of animals while undisturbed and without blood sampling.
Samples were taken every hour by either method. During manual sampling, conventional
methods of corralling and restraint were used to gather blood from an indwelling catheter.
Automated sampling collected 14 samples after which the tubes were replenished for
further sampling. During tube replacement, animals were gathered in a similar manner in
which the manual blood collection protocol entails. Samples were collected in
heparinized tubes.
Samples were analyzed for catecholamine concentrations using HPLC as
described by Sakkinen et al. (2004). Corticoid determinations were analyzed using a
modified protocol of radioimmunoassay as described by Simensen et al. (1978). Results
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yield that plasma cortisol was 5-6 fold higher (P < 0.05) in manual sampling in
comparison to ABSE sampling. Mean plasma cortisol concentrations increased
temporarily when a new set of blood tubes were fitted into the ASBE. This is due to
management practices used when restraining the animal. Catecholamine analysis yielded
higher concentrations of noradrenaline (P < 0.05) during manual blood sampling when
compared to ABSE sampling. Plasma adrenaline concentrations showed no significant
differences between the two techniques. Differences in heart rate showed a slight increase
during manual sampling but body temperature yielded no significant variation between
sampling methodology (Sakkinen et al., 2004).
Bovine. Hattingh et al. (1988) researched the remote controlled sampling of cattle
and buffalo blood. The study used Nguni cows and wild buffalo located at the Kruger
National Park. The apparatus used was applied to cattle after they were placed within a
crush chute, and buffalo were anaesthetized by darting. The device was attached to a
collar placed around the animal’s neck, and connected to an indwelling catheter placed in
the animal’s jugular vein. Blood samples were taken with a syringe immediately before
the cattle were released, or the buffalo were given the antidote. Remote blood sampling
commenced after 2-6 hours of returning to their enclosures to allow the animals cortisol
concentrations to reach baseline. This was then repeated every four hours thereafter for a
variable amount of time (Hattingh et al., 1988). Samples collected by the remote
sampling device were stored within a heparinized container as required, and the animals
were virtually unaware of efforts aside from the sounds of pumps and in many cases the
animal would remain lying down at rest when sampling occurred (Hattingh et al, 1988).
Subsequent to the experiment, a pre-stress sample was remotely taken and the animals
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endured stressors such as chasing, noise, vehicular presence, etc. This was conducted for
~ 40 min and a final stress sample was taken remotely. The apparatus was removed from
the animals in the same manner in which they were attached (e.g. cattle: crush chute;
buffalo: anaesthetized).
Results from the study provided insight that there were changes in concentrations
of plasma lactate, cortisol, catecholamines, haematocrtit, glucose, and total lipids during
the initial and final stages of the experiment, but showed little deviation between these
time points (Hattingh et al., 1988). Results show that handling the animals during initial
installation of the device significantly resulted in higher mean values of certain
parameters than the periods thereafter. This can be indicative of stress related increases
which are usually associated with forms of discomfort. Similar variables were shown to
increase when the animals were deliberately introduced to stressors (Hattingh et al.,
1988). By using remote blood sampling techniques, it was possible to obtain quantitative
plasma constituents without inducing unnecessary stress on animals, with implications of
further usage to manage the effect of interference and handling, anaesthetization, and
other influences on HPA activity.
Red Deer. A study of red deer by Ingram et al., (1997) measured plasma cortisol
responses to remote ACTH infusion in free ranging red deer. The study was based around
the use of a remote infusion and collection device (Dracpac, Engineering Development
Group and ABWRC, Ruakura Agricultural Centre, Hamilton, NZ). The device consists of
two peristaltic pumps, 12-position rotary switching valve, and a programmable
microprocessor unit which controls sampling interval parameters. Jugular blood drawn
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by the device is stored on ice in an insulated pouch within the backpack inside of 1 of 12
PVC bags until removal and processing.
The study by Ingram et al., (1997) was composed of 2 experiments, the first of
which consisted of an ACTH infusion. Red deer stags (n=12) were split into subgroups of
six. Over a three successive week period, one group was subjected to study in weeks 1
and 3, while the other was used in week 2. Animals were anesthetized and a double
lumen catheter was inserted into the jugular vein, while the opposing vein was inhabited
by a single lumen catheter for infusion of ACTH. Cannulated animals were then fitted
with a canvas backpack used to house the sampling device. Animals were then allowed to
re-enter the experimental paddock for acclimation purposes prior to the application of the
Dracpac device. On Day 1 of the study, animals were fitted with the sampling mechanism
and it was programmed to pump blood into a waste bag until 3.5 hrs after
release from the facility to allow cortisol concentrations to return to baseline post
handling. At the start of sample collection, animals were remotely administered ACTH
(0,1,4,16 IU/100 kg) via Dracpac followed by physiological saline solution. Dye was
used for visual confirmation of the infusion of ACTH. The sampler then began to collect
blood samples in 20 minute intervals. After collection of 11 samples, animals were
returned to the yards where the mechanism and sampler was removed. This process was
repeated on day 2 of the experiment.
Experiment 2 was designed similar to the first on days 0, 1, and 2, except that
only two ACTH treatments were used (16 and 64 IU/100 kg). On day 3, animals were
subjected to restraint in a pneumatic deer restraint device for 2 min. a blood sample was
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collected by venipuncture at the conclusion of the restraint period. The animals were
released and the restraint procedure and sample collection was repeated after 30 min.
Results confirmed increased cortisol concentrations throughout both experiments
1 and 2. Varied concentrations of ACTH infusion led to significantly different increases
in cortisol levels in each animal, but trends related to infusion was evident via Dracpac
blood collection. In experiment 1, the saline treatment alone provided no insight of
increased cortisol response in comparison with pre- infusion concentrations. However,
infusion levels of 1, 4, and 16 IU yielded considerably higher levels of cortisol at the 80,
120, and 160 time points respectively (Ingram et al., 1997). In experiment 2, the response
to ACTH infusions of 16 and 64 IU were not significantly different, however time
interactions provided a higher response in the 16 IU dose (P < 0.10). Overall, maximum
plasma cortisol was reached by the 20 to 40 min post infusion sample irrespective of the
dose or month (Ingram et al., 1997). Blood analyzed from animals restrained in the
pneumatic crush showed no difference between manual samples nor did they differ from
the 16 or 64 IU dosed animals. Use of the Dracpac allowed for the first time,
determinations of plasma cortisol response of undisturbed, free ranging red deer stags to a
range of ACTH doses delivered and monitored by a remote sampling device (Ingram et
al., 1997)
Non-Invasive vs. Traditional Hormone Assessments
Samples analyzed from fecal collection represent cumulative hours of variation in
circulating concentrations of metabolites. This being known, fecal metabolite
measurements often do not directly correlate with circulating concentrations of hormones
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over time (Mateo and Cavigelli, 2005). This is due to a proposed lag time found in
excreted glucocorticoid measures. The delay in time between circulating metabolites and
fecal glucocorticoids approximately correlates with the time needed for intestinal passage
of bile to the rectum of the animal (Palme and Mostl, 1997). This “lag” is often accounted
for using previous comparison studies of the species in question (Dehnhard et al., 2003).
Studies have shown that the rate of food passage in non ruminant species can provide an
estimation of metabolite lag time (Schwarzenberger et al., 1996). In ruminants, the rate
of food passage is longer than fecal steroid metabolite passage due to bile entering the
intestines after the foregut, thus the lag time is affected by the digestibility of the forage
in turn influencing the passage rate of digesta (Schwarzenberger et al., 1996). Lag times
of fecal steroids in ruminants has been suggested as 12-24 h and 24 to 48 h in hindgut
fermenters such as the horse, pig, rhino, elephant, and primates (Schwarzenberger et al.,
1996). Fecal metabolite profiles often show a broader pattern of glucocorticoid secretion
giving insight to a more integrated measure of adrenal activity (Dehnhard et al., 2003).
Though the profiles may be a dampened representation of circulating glucocorticoid
measurements, trends are very much present in which assessments may be achieved.
Urine analysis provides excellent indicators of hormone concentration. But as
with fecal metabolites, urinary metabolites inherit a species specific lag time associated
with concentration trends of hormones in question. Previous studies have identified a
suggested lag time of 3-4 hours from the time cortisol is released into plasma and its
subsequent release into urine (Smith and French, 1997). Due to the greater lag of
metabolite secretion into feces, often times fecal and urinary metabolite concentrations do
not directly correlate to each other without specific identity of these periods. Yet, studies
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have proven adequate measurements of urinary metabolites in several different species
(Gorillas: Robbins and Czekala 1997; African and Asian Elephant: Dehnhard, 2007)
Salivary analysis is beneficial due to the ability to obtain samples at fixed
intervals similar to blood collection. In saliva, some hormone concentration measurement
(e.g. cortsiol) is a direct reflection of the free fraction of hormone in the blood, whereas
in blood, both free fraction, plus bound fractions can be analyzed which may not
necessarily reflect the biological action of the hormone (Riad-Fahmy et al., 1982). But in
situations in which the subject is placed under stressed conditions, the binding capacity of
cortisol binding protein becomes saturated, subsequently resulting in a disproportionate
increase in free cortisol, the portion that is biologically active (Cook et al., 1997). These
factors may play a role in the differences between concentrations of plasma and salivary
cortisol (Negrao et al., 2004). In some cases, sample volume of saliva collection can
confound results. The samples are often diluted and must be concentrated to have
measurable intensity. Studies have shown that when frequent sampling is necessary, it is
not possible to take a large volume of saliva (Negrao et al., 2004; Coste et al., 1994;
Cook et al., 1996; 1997). Though salivary metabolites may be dampened due to dilution
factors, it is possible to positively correlate these measures with plasma concentrations
quite easily.
Remote blood collection obtains samples less invasively than standard blood
collection protocols, yet yield samples that are identical. Samples can be processed using
standard protocols and there are no inhibitions on sample analysis. Possible
complications of using remote sampling devices are possible mechanical failure and
induced stress on the subject not acclimated to wearing the mechanism. A study by
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Sakkinen et al. (2004) reveals that success of the sampler used provided a 70% success
rate of blood collection. This may be deleterious to research efforts in sampling. The
results were supported by similar studies (Diverio et al., 1996; Ferre et al., 1998). Also,
Sakkinen et al. (2004) stated that the use of automated blood sampling equipment
disturbed the heart rate of some animals in the study. Overall, the use of remote blood
sampling devices can decrease the amount of stress placed on the animal during sampling
practices, but researchers must be aware of mechanical concerns when using such
devices.
Steroid Hormone Extraction Procedures
Fecal Metabolites
Fecal samples are commonly preserved until all are collected and frozen at -20°C
or placed in an ethanol solution for preservation. Processing and extraction procedures
are often performed as described by Wasser et al. (1991). Samples can be freeze dried or
evaporated to obtain results on a dry matter basis. Samples are then sub-sampled (~ 0.2g
of well mixed dried feces or ~ 0.6g well mixed wet feces) and placed in an ethanol
solution (5ml 90-100%) weighed and boiled. Samples are then centrifuged at 500 g for 10
min (Wasser et al., 2000). The pellet must be recovered and re-suspended in 5ml of 90100% ethanol. The samples must then be vortexed again (1 min). The solution can then
be re-centrifuged and the resulting supernatant is removed, combined with previous
supernatant measures, then dried under air and re-suspended in 1 ml of methanol and
diluted in PBS or methanol dependent upon the species for analysis by
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radioimmunoassay or HPLC. The boiling method produces great steroid extraction
recoveries without cleaving conjugates from the parent steroid (Wasser et al., 1994).
A second method of processing modified from Schwarzenberger et al. (1991) has
been used in comparison to the previously mentioned method. Using ~ 0.2g of well
mixed dried feces or ~ 0.6g well mixed wet feces, samples are placed within a capped
tube containing 2 ml of 90% methanol and vortexed for 30 min. Samples are then
centrifuged at 500 g for 20 min. The resulting sample is then diluted in PBS or methanol
dependent upon the species for analysis by radioimmunoassay or HLPC. The supernatant
from either method can be used with conventional assay kits that have been noted in
previous fecal analysis studies.
A comparison of the two methods resulted in comparable analysis and boiling
ethanol does not appreciably degrade steroid immunoreactivity (Wasser et al., 1994).
Tests of the two mentioned extraction methods across species produced consistent and
high recovery rates of cortisol added to feces prior to extraction or of endogenously
produced fecal metabolites excreted in the sample after radiolabel infusion by Wasser et
al., (2000). The modified Schwarzenberger et al. (1991) method is often used due to the
degree of time saved during processing procedures.
Urine and Saliva
Urine and Saliva samples are often placed directly in to the researcher’s desired
RIA or HPLC system. Often the samples must be concentrated by various means to
create the proper dilution factor to enable hormone intensity detectable by the assay
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mechanisms. Once obtained, both urine and saliva samples can be placed directly into the
applicable method of analysis using only the manufacturer’s instructions.
Serum and Plasma
Blood samples from remote sampling mechanisms are analyzed according to the
researcher’s desired RIA, HPLC, or ELISA protocol. In remote sampling devices,
samples are often stored with a “backpack” or sample containment mechanism. Samples
must be removed, centrifuged at 1200 g for 15 min, and stored at -20°C until further
analysis (Ingram et al., 1999). Serum is then warmed to room temperature before analysis
and placed directly in assay at the manufacturer’s specified dilution. Blood sampling is
an age-old technique and values retrieved from analysis are representative of circulating
glucocorticoid measures. This in turn represents easily obtained measurements of
hormones in question using processing that is familiar to most researchers without the
need for further validation.
Sample Analysis
High Performance Liquid Chromatography
HPLC techniques have been used successfully to analyze fecal metabolites in
several species (bovine: Morrow et al., 2002; various non-domestic and mammalian:
Wasser et al., 2000; canine and feline: Schatz and Palme, 2001; Arabian Mare: Amer et
al., 2007). Common methods of preparation include those described by Schackleton
(1986) in which extractions are firstly cleaned by passing them through a 0.2 um filter
followed by a C-18 matrix column and eluted with 5ml of 80% methanol. Fecal steroids
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are then separated using a reverse phase C-18 column with a gradient solvent system
(1ml/min) as follows; 20-30% methanol (0-10 min), 30-40% (10-40 min), 40-50% (40-55
min), 50-80% (55-80 min), 80-100% (80-85 min), and 100% (85-20 min) (Wasser et al.,
2000). All eluates are then assessed for radioactivity and immunoreactivity. Similar
methodology has been used for analysis of urine by Dehnhard, (2007).
Radioimmunoassay
Though HPLC is a great success, more commonly used to evaluate metabolite
concentrations are RIA analysis which show promising results from several trials. RIA
kits are available for many sample types (e.g. fecal, urine, saliva, blood). In many cases,
two kits are used to determine corticoid values (e.g. Cortisol, Corticosterone) due to assay
specificity issues. Common kits include those listed by Wasser et al. (2000), such as
Pantex 031 (Pantex, Santa Monica, CA), Incstar CA-1529 (Incstar Corp., Stillwater,
MN), CSU R1222 (G.D. Niswender lab, Colorado State University, Fort Collins, CO),
and the Corticosterone kit (07-120102; ICN Biomedicals Inc., Costa Mesa, CA). All of
the antibodies listed above were raised in rabbits and often ran in accordance to
manufacturer’s suggestion. In a study by Wasser et al. (2000) all antisera exhibited
parallelism and accuracy for several species (i.e. Malayan sun bear, gerenuk, scimitatarhorned Oryx, black rhino, and cheetah). For the listed species, both inter and intra-assay
variation were noted to be similar to the manufacturer’s reported value (<7%).
Progesterone measurements in fecal, urine, and saliva collections are measured
using kits previously identified with correlations of proper measurements verified in past
trials. Kits often used in these studies include the competitive double antibody enzyme
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immunoassay with the primary antiserum (anti-progesterone -3-CMO-BSA, Biogenesis
Ltd, New Fields, England), and the second antiserum extracted of goat anti-rabbit serum
(Seik-agaku Co., Tokyo, Japan). In previous studies the antiserum against progesterone
cross-reacted with pregnenalone, 20% and with other steroids less than 2.0% (Matsuura
et al., 2004). Parallelism between displacement curves for reference standards of
progesterone and the serial dilutions of fecal extracts must be confirmed before validation
of the assay (Matsuura et al., 2004).
With blood collection being common amongst the methodology of collecting
animal endocrine parameters, several kits are readily available for direct application.
Several kits which are used for fecal metabolites are actually designed for use of serum or
plasma analysis without a need for further validation of the results observed from the
technique. With this said, it is imperative to identify an assay that meets the specified
sensitivity for the hormone being observed (Ingram et al., 1999).
Complications of Non-Invasive Monitoring
There are numerous issues that confound results within interpretations of noninvasive technique analysis of fecal glucocorticoids. These issues include gender, age,
reproductive status, seasonal patterns, captivity and diet (Millspaugh et al., 2004). Such
variability must be taken into account when monitoring stress non-invasively to improve
the significance of the analysis.
Gender, Age, and Reproductive Condition
Studies have shown that gender plays an important role in adrenocortical response
in the presence of a variety of stressors (Romero et al., 2000; Dufty et al., 1997; Touma et
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al., 2003). Studies by Dufty et al., (1997) provide insight that male mice excrete a higher
concentration of raidolabeled corticosterone metabolites in their fecal material than their
female counterpart. Kenagy et al., (2000) also found that reproductive status can affect
circulating glucocorticoid concentrations which likely reflected elevated fecal measures
also. Contrasting this effect, Huber et al. (2003) did not notice a discernable difference in
respect to reproductive status in fecal glucocorticoid measures of captive red deer. This
gives insight into a possible specie to specie variation in stress maintenance.
For proper analysis, one must collect samples from species in which gender, age
and reproductive status are known to reflect true basal cortisol measurements
(Millspaugh et al., 2004). Measurements obtained from species of different gender and
age could produce bias results in corticoid measurements if gender and age play critical
roles in hormone concentrations. In order to prevent this conflict, if samples are taken
from a species in which these characteristics are unknown, researchers must first validate
gender using determinations of reproductive steroid concentrations (Bercovitz et al.,
1978; Washburn et al., 2004).
Daily and Seasonal Rhythms in Hormone Secretion
Daily rhythms of basal concentrations of circulating glucocorticoids exist in
several species (Joseph et al., 1973; Dufty et al., 1997; Romero et al., 2000). It is possible
that fecal glucocorticoid measurements follow a similar pattern due to the parallelism
between circulating and excreted hormone measurement. Glucocorticoid measures have
been noted as having higher values in afternoon hours than morning hours, and reversed
in some species. Detecting such changes in diurnal measurements may be due to lag time
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and defecation rates via species. Animals that defecate more frequently (i.e. mouse) have
more potential for locating diurnal rhythms than larger animals that defecate more slowly
due to larger digesta passage rates (Millspaugh et al., 2004). With this in mind,
researchers must validate fecal glucocorticoid measures from samples taken at different
times of the day if diurnal rhythms are present within the species.
It has also been noted that seasonal rhythms of glucocorticoid concentrations play
roles in animal corticoid profiles. The scale of both basal and elevated glucocorticoid
measures may vary in an obvious pattern during an annual cycle (Millspaugh et al.,
2004). These patterns are highly evident in avian species (Harper et al., 2001; Astheimer
et al., 1992; Romero et al., 2000), but are also noted in various other mammals
(Millspaugh et al., 2004). Due to the lack of available information of seasonal fecal
glucocorticoid measures of many species in question, it is difficult for researchers to
validate result obtained from their own assays as observed fecal glucocorticoid
differences. Using proper technique including controls, replication, and randomization of
treatments, one can better understand the seasonal rhythm of fecal glucocorticoids.
Captivity
In many cases animals from the wild are captured in order to study basal cortisol
concentrations or to gain a better understanding of the effects of potential stressors
(Washburn et al., 2004). With this in mind, captive species may exhibit glucocorticoid
measurement and invariably higher or lower than wild counterparts, and may respond
differently to treatments (Millspaugh et al., 2004). The length of time in which an animal
is within captivity correlates with a parallel decrease in basal corticosterone
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concentrations due to acclimation (Wingfield et al., 1982; Piersma et al., 1998).
Understanding this, researchers must incorporate ideas of acclimation of a wild specie
into a captive situation of variable in length, and the subjects may also respond
differently to stimuli (Millspaugh et al., 2004). Without proper validation, researchers
must be cautious of applying results of fecal glucocorticoid measurements from animals
in captivity that do not mimic their wild counterparts in adrenocortical status, response,
and glucocorticoid secretion patterns (Millspaugh et al., 2004).
Dietary Intake
Glucocorticoid metabolite measurements vary in response to animal diet. In wild
animals, scarcity and nutritional value of food resources change seasonally, playing a
major role in digestibility and excreta (Millspaugh et al., 2004). It has been shown that
dietary fiber or other nutritional parameters can influence gut microbial metabolism of
glucocorticoid metabolites (Wasser et al., 1994). Also, it has been studied by von der Ohe
(2002) that carnivore consumption of other animals may directly alter glucocorticoid
concentrations due to concentrations located within tissues they digest. With this in mind,
researchers must consider these effects before evaluating animal corticoid concentrations
via fecal metabolites.
Research Implications
Zoological
It is essential to provide proper welfare to zoo animals to maintain natural animal
behavior and maximize reproductive output (Smith, 2004). From a zoological standpoint,
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non- invasive monitoring provides methodologies to reduce stress in captive animal
populations during routine management practices, and allowing researcher to better
develop captive environments to suit the animal’s needs. Morgan and Tromborg (2007)
described stressors associated with captivity. An examination of past artificial
environments yielded insight that describes these habitats as unresponsive to behavior.
With this said, it is important to maintain an environment for captive animals that reflects
natural habitats to allow animals to behave in a customary manner (Morgan and
Tromborg, 2007).
Monitoring stress and reproductive function can be achieved through fecal
collection or remote blood sampling instead of standard handling techniques thus
providing a more ethical examination of animal welfare. In an investigation by Davey
(2007), animals were examined as either stressed or non-stressed due to visitor density at
zoological parks. Results from the study confirmed that in several species behavioral
changes occurred due to increased numbers of visitors, thereby creating stressed animals
and decreasing the desire to mate. Stressed animals will also have decreased longevity.
Any means of reducing required handling (i.e. non-invasive monitoring) will greatly
reduce the amount of chronic stress placed on the animal (Smith, 2004). This in turn will
improve animal well-being.
In captive breeding situations, stress has been linked with reproductive function.
If indices such as this can be measured before the use of assisted reproductive
technologies, it is possible to obtain greater birth rates. Aside from stress, female
hormones may also be monitored non-invasively. Using this technique, researchers can
gather basal hormone levels without skewing results due to obtrusive handling methods
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used in the past. Basal result in such studies can aid conservational biologists with animal
seasonality profiles and estrous cycle length that are desirable for proper population
management. Estrous profiles can also provide a systematic approach to the use of
artificial reproductive techniques such as artificial insemination, superovulation, and
embryo transfer, etc (Schwarzenberger et al., 1996). Thompson et al. (1998) studied
estrous cyclicity of the sable antelope via fecal progesterone monitoring. Using only fecal
progestin measurements, the researchers were able to determine estrous cycles using
luteal, and interluteal phase lengths. Following guidelines created by profiles using noninvasive monitoring, researchers will be able to precisely conduct reproductive
management procedures.
Agriculture
Animal management practices in agriculture are often considered more intensive
than zoological practices due to larger animal numbers. These techniques often require
extensive handling, haltering, corralling, and often invasive procedures to ensure the
animal’s welfare. Though the treatment may seem unethical, the procedures are part of
general maintenance that is necessary for proper animal care. With this said, enduring
such actions often induce stressors within the animals that may cause poor performance if
not properly handled. Cattle can become excited in a matter of only a few seconds, yet
require several minutes to acquire a normal heart rate after being stressed. Also,
operations such as removing a calf from cow, or singling out a certain subject may be
situations in which cortisol concentrations may increase (Fulwider et al., 2008). Animal
health and welfare is essential to the production of high quality, humanely produced
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products for consumer needs (Morrow et al., 2002). Using indexes of direct correlations
between animal health and stress load, it is possible to reduce cortisol levels and improve
overall animal performance (i.e., milk yield, weight gain, wool/fur). Studies by Fulwider
et al. (2008) assessed the behavioral changes of dairy cattle during management practices.
It was reported that animals which were more inclined to approach an observer (i.e. less
stressed) correlated with lower somatic cell count (Fulwider et al., 2008). To this end,
developing a lower stress environment can possibly increase milk yield while lowering
somatic cell counts, thereby increasing the value of the product. With greater production,
greater economic profits are more likely to follow due to increased animal production and
decreased time and finances spent on medication and care for ill subjects.
Also, non-invasive techniques can also provide details of seasonality within the
female population. By studying progesterone profiles obtained non-invasively, it is
possible to better plan for estrous synchronization protocols and artificial reproductive
technologies (Rabiee et al., 2001). Using such methodology, one can make quick
assessments of cyclicity within a population using minimal effort. Some studies suggest
that determination of the preovulatory estrogen peak in cows less successful than other
species (Schwarzenberger et al., 1996), it is still considered an acceptable method to
obtain general estrogenic profiles towards estrus diagnosis in hoof stock.
Summary
The advancement of non-invasive monitoring techniques provides useful data sets
for species with both known and unknown data parameters. Observing an animal’s
“natural” state provides a look into its life without interference from handling. Problems
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noted in the utility of glucocorticoid measurements include understanding the range of
concentration and lag time of excreted hormonal levels within analysis (Millspaugh et al.,
2004). Central to the advancement of non-invasive monitoring is a thorough investigation
of confounding factors such as sampling artifacts and biological factors. Sampling issues
such as sample age, storage, and collection techniques affect measurements (Millspaugh
et al., 2004). Biological factors that play a role in glucocorticoid variation include
endocrine rhythms, gender, age, and even length of captivity. Diet consumption and fecal
mass sample should also be evaluated in correlation with measurements (Millspaugh et
al., 2004). If unaccounted for, these factors alone may induce such large amounts of
variation within measurements that results may be confounded to the point in which they
are useless (Millspaugh et al., 2004). Many studies provide general recommendations of
how to deal with such issues but they should be dealt with in light of the study subjects
and conditions surrounding the study.
A large problem with glucocorticoid measurements in conservation biology and
other research fields is the comprehension of to what degree of excreted glucocorticoid
measurement, over a specified time is indicative of a deleterious effect on animal welfare
(Millspaugh et al., 2004). With this said, one must remember that in instances of fecal
glucocorticoid measurements, concentrations measured from the fecal mass represent a
cumulative amount of hormone over several hours dependent upon the species. If not
taken into account, results may not represent proper levels that provide insight into the
animal’s well-being.
Glucocorticoid measurements maintain desirable properties by becoming adaptive
mediators of the stress response by helping the animal redirect activities (Holberton,
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1999). Also, elevated excreted glucocorticoid measures may not always be due to stress,
it can also forewarn possible harm (Creel et al., 2002). Gender, seasonality, age, and
other factors can also induce skewed glucocorticoid measurements. With this in mind, it
has to be considered as to whether glucocorticoid measurements result in a significant
biological cost that shifts energy away from normal processes (Moberg, 2000).
Glucocorticoids also play a role in glucose homeostasis and suppress the stimulation of
other biological responses that prevent damage to the body (Munck et al., 1984; Romero,
2004; Sapolsky et al., 2000). Many conservation biologists must make observations from
limited data sets. These results should not be deemed sufficient based from incomplete
data sets or confounding analysis. A database of excreted glucocorticoids values would
be helpful in accessing proper hormonal profiles in many species. This will allow
researchers to locate values that directly correlate with the specified animal’s excreted
corticoid concentrations, and provide insight for endangered or exotic species by way of
surrogate model research. (Millspaugh et al, 2004). To this end, knowledge bases can
improve the functionality on non- invasive monitoring techniques.
Research has proven that results from this method of collection can be positively
correlated to standard serum collection method analysis (Huber et al., 2003; von der Ohe
et al., 2002; Berkeley et al., 1997). Many studies have shown assay specificity for fecal
glucocorticoid measurements (Goyman et al., 1999; Morrow et al., 2002; Wasser et al.,
2000), providing easily adaptable methodologies for hormone analysis in this up and
coming area of research. Further studies may enhance propagation methods efforts for
wild and captive animals, as well as provide definitive procedures for noting seasonality
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of animals in a domestic setting. With more research, non-invasive monitoring techniques
may become a better approach to obtain “true” hormonal profiles.
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CHAPTER III
USE OF FECAL PROGESTIN DETERMINATIONS TO CHARACTERIZE THE
ESTROUS CYCLE IN CAPTIVE FEMALE BONTEBOK (DAMALISCUS
PYGARGUS PYGARGUS)
Introduction
Plasma progesterone measurements have been conducted on several non-domestic
species (e.g. red deer: Adam et al., 1985; Kelly et al., 1985; Asher et al., 2000; caribou:
Ropstad et al., 1995; fallow deer: Willard et al., 1999) at frequent intervals to profile
reproductive events. However, in many cases blood sampling of non-domesticated
species proves difficult due to capture and chemical immobilization which are seen as
stressors and may affect progesterone levels (Seal et al., 1982). In fact, adrenal
progesterone has been suggested to be a significant contributor of progesterone such that
progestin monitoring of reproduction during times of stress via blood (plasma/serum)
analysis may influence these determinations (Asher et al., 2000; Willard et al., 1999).
Over the past decade, non-invasive monitoring techniques (NIM), such as fecal
glucocorticoid measurements, have been utilized for a variety of hormone measurements
(Kirkpatrick et al., 1993; Monfort et al., 1993; Schwarzenberger et al., 1996; Wasser et
al., 2000). Studies such as these provide insight into identifying the onset and cessation of
seasonally regulated reproductive activity, duration of reproductive cyclicity, hormone
regulation during pregnancy, and endocrine events associated with parturition (Monfort
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et al., 1993) to facilitate in obtaining hormonal data points from animals that may be
unable to be handled due to absence of adequate or safe handling and/or the negative
effects of stress. The use of such technology makes it possible to obtain accurate
hormone profiles from animals in which little may be known about their reproductive
cyclicity. These methods have been positively correlated with plasma progesterone
analysis in ruminants (Hirata et al., 1995), and therefore represent an alternative for
hormone monitoring in comparison to blood sampling. Though this methodology has
been proven effective in many species, there are very few reports utilizing this
technology in antelope species (Bamberg et al., 1991; Chapeau et al., 1993; Shaw et al.,
1995). To this end, a three year study of a captive population of bontebok (Damaliscus
pygargus pygargus) was initiated using NIM via fecal progesterone determination
profiles for characterization of estrous cycles in this species. In addition, reproductive
parameters were undertaken from the AZA Studbook for Bontebok to understand critical
elements of their reproduction in captivity.
Background
The bontebok (Damaliscus pygargus dorcas, also referred to as Damaliscus
pygargus pygargus) is a medium-sized antelope (60 to 70 kg) distributed primarily in the
south-western regions of South Africa. Hunting during the 1700s to mid-1800s reduced
the herds of bontebok considerably, and by 1927 only 121 individuals were identified as
the surviving population (Spinage, 1986); other accounts have reported the population to
have been reduced at one point to as few as 15 individuals in the wild. The creation of
natural parks in the 1930s that encompassed the bontebok’s range has greatly increased
their numbers in the wild (Spinage, 1986), however the population remains “vulnerable”
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(IUCN Red List, 2000). Moreover, captive populations outside of Africa are sparse, and
there is a need to increase the numbers of bontebok in captivity and to maintain genetic
diversity within the species.
The AZA Antelope Taxon Advisory Group has indicated a need for more
founders as part of the captive management plan for this species. The known captive
North American population of bontebok in 2001 consisted of 71 individuals spread across
14 institutions (Brady, 2001). These captive populations originated from 11 male and 20
female founders (N. American Regional Studbook, 1990). In 1990, it was concluded that
many of the living female bontebok in captivity were at or past their age of maximum
fecundity and the present female population was in decline. Such a trend is disturbing,
and while reproduction of the bontebok in captivity has been good at some institutions,
only 34 (47.9%) of the 71 total bontebok in captivity are females; with unidentified
reproductive potential.
At present little information is known about the reproductive physiology of the
bontebok. Limited studies have been performed examining reproductive hormones of
similar species (see Thompson et al., 1998; Morrow and Monfort, 1998). Extended use of
modern reproductive technologies is required to assist in propagation efforts within this
species and similar antelope species. Hormonal monitoring was accomplished by the
collection of fecal samples throughout the year for analysis of fecal immunoreactive
progestins. We anticipate that this study will lead to future investigations of reproductive
management strategies for this species that will include the use of estrous synchronization
protocols to facilitate the use of artificial insemination. This would assist greatly in
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captive propagation efforts and the future genetic success of the bontebok for more widespread conservation of this species.
Materials and Methods
Animals
This study was based on a captive population of bontebok located at the
Memphis Zoological Park (Memphis, TN), and all animals were captive born. Animals
had access to water ad libitum and were fed a nutritionally complete diet composed of
Mazuri ADF-#16 Herbivore (PMI Nutrition International, St. Louis, MO) along with
Canadian alfalfa cubes and supplemented Bryan Bermuda hay. The animals were located
within an outdoor exhibition enclosure. The main yard is 27.43m x 51.82m and there are
also eight stalls measuring 1.83m x 2.74m allowing animals to escape from observation.
Animals are brought inside of the stall during feeding to avoid pecking order conflicts.
Female bontebok (n=6) were used as subjects to profile estrous cyclicity. Females were
identified by physical characteristics (e.g. facial blaze and horn morphology) as well as
identification numbers located in plain view by personnel familiar with the captive
population. Study subjects were housed along with the remainder of the population
throughout the duration of the trial.
Fecal Sample Collection
Animals were observed for positive identification of excreta in their habitat. Fecal
samples were obtained by Memphis Zoological employees as soon as defecation was
detected, and feasible to do so, for assured sample distinction and animal identification.
Fecal samples were not obtained directly from rectum as seen in previous studies (see
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Morrow et al., 1998) to avoid the use of restraint and inducing a stress response. Samples
were taken as often as possible during specific periods from July 2002-April 2005. Fecal
collections were attempted daily, however daily collections were not always feasible and
therefore collections were gathered as often as possible. Collection time of day was not
noted and not included as a variable in this study. Fecal samples were labeled by animal
common name, animal identification number, sample date, and placed in plastic bags
once collected. Samples were stored in a freezer at -20°C further processing occurred
similar to methodology used in studies by Monfort et al. (1993).
Sample Processing
Fecal samples from all females on study (n=6) were processed for further
analysis. Processing of samples was completed using a modified method described by
Wasser et al., (1994). Breifly, samples were thawed at room temperature and subsampled
(~0.5 gram wet weight) as aliquots in duplicate and designated as extraction A and B.
The two samples were treated equally, yet individually, throughout processing in order to
determine quantifiable measures of variation for the extraction procedure, if any, between
sampling. Aliquots were then placed into 17 ml glass vials (Bellco, Vineland, NJ, USA)
in which 5.0 mLs of 80% methanol was combined. The mixture was then subjected to
vigorous shaking for 12-15 h. Samples were then centrifuged at 2500 rpm for 15 minutes
and refrigerated. The supernatant was then pipetted from vials, split into duplicate tubes,
capped to prevent evaporation and kept at -20 ºC until analysis by radioimmunoassay.
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Radioimmunoassay
Randomly selected samples from each animal were pooled, and processed as
described above and serially diluted for assay verification and assessments of parallelism.
The extractant was allowed to reach room temperature before preparation for RIA
analysis. The DSL Active® Progesterone RIA kit (Diagnostic Systems Laboratories,
Webster, TX, USA) was used to obtain fecal immunoreactive progestin measures. The
progesterone kit is a solid stage 125I radioimmunoassay designed for the direct,
quantitative measurement of progesterone in serum or plasma. Previous studies have
shown serum and plasma RIA’s effective in the determination of fecal progesterone in
many domestic and exotic species (Wasser et al., 1994; Morrow et al., 1999; Millspaugh
et al., 2004; Morrow et al., 2002; Mateo et al., 2005).
The DSL Progesterone antiserum is highly specific for progesterone with a particularly
low cross- reactivity to other naturally occurring steroids that may be present in samples
(Table 3.1). Analysis of results from this assay defined cyclicity as the area between peak
progesterone measurements found within each animal’s profile. Data was then analyzed
for estrus length by examining the number of days in which progesterone levels returned
to baseline.
Hormone Data Analysis
Statistical analysis was performed using ANOVA (factorial and repeated
measures where appropriate) to ascertain physiological status (progestin measures) over
time and respective interactions. For mean separation of study parameters, the Student’s
t test was employed and data expressed throughout as the mean ± SEM.
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Table 3.1
DSL Active® Progesterone assay specificity used for
immunoreactive progestin determinations
in captive female bontebok
COMPOUND
Progesterone
5α-Pregnane-3,20-dione
11-Deoxycorticosterone
17α-Hydroxyprogesterone
5β-Pregnane-3,20-dione
11-deoxycortisol
20α-Dihydroprogesterone
Medroxyprogesterone
5β-Pregnane-3α-ol-20-one
Corticosterone
Danazol
Cortisol
Androstenediol
Pregnenolone
Estradiol
Testosterone

% CROSS-REACTIVITY
100
6
2.5
1.2
0.8
0.48
0.1
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND = Non-Detectable (<0.1ng/mL)

DSL-3900 Active® Progesterone Coated- Tube Radioimmunoassay kit.
Diagnostic Systems Laboratory, Inc. Webster, TX
Historical Bontebok Population Data Analysis
From the bontebok studbook (Berner, 2004), mortality by location, gender and
age, as well as birth seasons were examined and within each locale of the captive
populations and compared with the total population. A population of 344 total animals
were examined over a 95 year period. The population was examined by birth seasonality,
mortality x sex, and mortality x age to obtain population characteristics. Only animals
with complete data sets (i.e. listing age, sex, location, date of birth, etc.) were used to
compile the data described in this study (birth seasonality: n = 298, mortality x sex: n =
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200, mortality x age: n = 203). Total animal numbers within each section are dissimilar
due to limited data entries or non-specific animal entries. Many animals were originally
captured from the wild and brought into captivity towards conservation efforts (19091974). All wild caught animals were excluded from the study (n = 31).
Results
Fecal Progesterone Measurements
From the evaluated bontebok population at the Memphis Zoo (n=6), a single
female provided insight towards a complete estrous profile. This female (L13871) had a
broken horn, therefore was easily identified by the animal management personnel. Other
females examined during the study provided little to no estrous cyclicity via fecal
progestin determinations. This may be due to improper collection techniques during
management changes and improper animal identification at the zoological facility.
Bontebok female ID# L13871 shows definite signs of elevated progesterone
concentrations followed by declining values patterned over a two year period. Female
L13871 gave birth in July 2002 and began cycling ~137 d later from Dec. 4, 2002 to
April 3, 2003 during which she exhibited n = 5 consecutive estrous cycles (estimated
length: 22.4 ± 1.5 d; CV: 14.6%). The next year, L13871 exhibited n = 4 consecutive
estrous cycles (estimated length: 18.5 ± 2.2 d; CV: 23.6%) that began and ended earlier
than the previous year: Sept. 9, 2003 to Jan. 11, 2004. (See Figures 3.1 and 3.2).
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Figure 3.1 Estrous profile for a female bontebok (L13871) exhibiting 5 consecutive
estrous cycles (length: 22.4 ± 1.5 d; CV: 14.6%) during 2002-2003 as
determined by fecal immunoreactive progestin determinations1
1

Numbers in boxes within each cycle represent the calculated number of days of the
estrous cycles as determined by immunoreactive progestin data.
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Figure 3.2 Estrous profile for a female bontebok (L13871) exhibiting 4 consecutive
estrous cycles (length: 18.5 ± 2.2 d; CV: 23.6%) during 2003-2004 as
determined by fecal immunoreactive progestin determinations1
1

Numbers in boxes within each cycle represent the calculated number of days of the
estrous cycles as determined by immunoreactive progestin data.
Historical Bontebok Population Data Analysis
Birth Seasonality
Analysis of the Bontebok AZA North American Regional Studbook and
Population Management Plan provided population trends over the documented 95 years.
Analysis indicated that bontebok are more prone to deliver offspring in the warmer
seasons such as Spring and Summer (Table 3.2) as determined by the 86.58% of the
animals on record from zoological births in the historical data, compared to the low
cooler season births 13.42% that were recorded, (data not shown). The data is analyzed
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from a collection of n = 298 total animal births excluding the animals in the population
with unconfirmed dates of birth (see Table 3.2).
Bontebok Mortality Rates: Sex x Age
Mortality evaluated by gender, and age was analyzed using a 200 animal
population. Examined by gender, there were 47.50% of male deaths compared to 52.5%
of female fatalities with a 3.54 standard deviation. Animals with undocumented gender
were excluded from analysis. This area was examined to display possible population
declines due to high female mortality rates. After examining this data, female mortality
was slightly higher (4.11%) than male, but with such low variability, it is unlikely that
this issue plays a major role in overall population characteristics in captive settings (see
Table 3.3).
Bontebok Mortality Rates: Animal Population x Age
Mortality assessed by age shed light upon possible management practice issues of
growing bontebok. From the documented n = 203 cases, 83/ 203 of the animals (40.89%)
were deceased by 30 days of age. This is an elevated mortality level that can possibly be
attributed to lack of knowledge about bontebok newborn care in the past. With this said,
only 17.73% of the captive population listed in the Bontebok Studbook reached a 1-5
year range before death. This means that less than 25% of the captive population reached
maturity (2 years of age). Only 33.03% of bontebok born within zoological parks were
observed to live past five years. It has been documented that bontebok have the capability
of living up to 17 years in captivity (Berner, 2004).
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Table 3.2
Bontebok birth seasonality of captive zoological populations (n = 298 animals)1
Seasonality of Birth3
2

LOCATION
BATTLE CR
BROWNSVIL
CATSKILL
CLEVELAND
DALLAS
HOLIDAY
MCALLEN
MEMPHIS
METROZOO
OKLAHOMA
OMAHA
OR WILDLF
SANDIEGOZ
SD-WAP
SEDGWICK
STCATHERN
YULEE
TOTALS
% of Total

SPRING
1
25
2
1
4
3
8
30
1
4
13
0
4
17
4
3
8

I

128
42.95

SUMMER AUTUMN
1
0
20
12
0
0
0
0
8
2
1
0
1
0
39
0
0
0
7
0
6
0
3
0
1
1
6
1
0
2
11
0
26
14
130
43.62

32
10.74

WINTER
0
3
0
0
1
0
2
0
0
0
0
0
0
2
0
0
0

TOTALS
2
60
2
1
15
4
11
69
1
11
19
3
6
26
6
14
48

8
2.68

298
100

1

Bontebok (Damaliscus pygargus dorcas) AZA North American Regional Studbook and
Population Management Plan, Sam Berner, regional studbook keeper.
2

Location Key:

BATTLE CR: Binder Park Zoo, Battle Creek, Michigan, USA; BROWNSVIL: Gladys
Porter Zoo, Brownsville, Texas, USA; CATSKILL: Catskill Game Farm, Catskill, New
York, USA; CLEVELAND: Cleveland Metroparks Zoo, Cleveland, Ohio, USA;
DALLAS: Dallas Zoo, Dallas, Texas, USA; HOLIDAY: Earl Tatum, Eureka Springs,
Arkansas, USA; MCALLEN: La Coma Ranch, McAllen Texas, USA; MEMPHIS:
Memphis Zoological Gardens & Aquarium, Memphis Tennessee, USA; METROZOO:
Miami Metro Zoo, Miami Florida, USA; OKLAHOMA: Oklahoma City Zoological
Park, Oklahoma City, Oklahoma, USA; OMAHA: Omaha’s Henry Doorly’s Zoo,
Omaha, Nebraska, USA; OR WILDLIF: Oregon Wildlife Foundation, Sheridan,
Oregon, USA; SANDIEGOZ: San Diego Zoo, San Diego, California, USA; SD-WAP:
San Diego Wild Animal Park, Escondito, California, USA; SEDGWICK: Sedgwick
County Zoo, Wichita, Kansas, USA; STCATHERN: St. Catherine’s Island/WSC,
Midway, Georgia, USA; YULEE: White Oak Conservation Center, Yulee, Florida,
USA.
3

Season Parameters:
Spring: March 20 – Jan. 20; Summer: June 21 – Sept. 21; Autumn: Sept. 22 – Dec.
20; Winter: Dec. 21 – March 19.
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Table 3.3
Bontebok mortality examined by
gender based on captive zoological populations
(n = 200 animals with specified gender and recorded mortality)1
BIRTHS

0-30d
31d-6m
7m-1yr
1yr-5yr
5yr+
TOTALS
% of Total

MALE

FEMALE

TOTALS

140

146

286

MORTALITY
MALE
FEMALE TOTALS
37
44
81
8
5
13
2
5
7
23
13
36
25
38
63
95
47.5

105
52.5

1

% of Total
40.5
6.5
3.5
18
31.5

200
100

Bontebok (Damaliscus pygargus dorcas) AZA North American Regional Studbook and
Population Management Plan, Sam Berner, Regional studbook keeper.
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Table 3.4
Bontebok mortality examined by animal age from captive
zoological populations (n = 203 animals with specified death dates)1
Mortality by Age
LOCATION2
BATTLE CR
BROWNSVIL
DALLAS
GRND PRAI
HOLIDAY
MCALLEN
MEMPHIS
METROZOO
OKLAHOMA
OMAHA
OR WILDLF
SANDIEGOZ

0-30 days
0
14
3
0
0
1
29
1
4
6
0
3

31days-6 m
0
6
0
0
0
0
4
0
0
1
0
0

7 m -1 yr
0
3
0
0
0
0
0
0
1
1
0
0

1 yr -5 yr
0
5
1
3
3
1
4
2
3
2
2
0

5 yr +
1
14
7
0
1
2
12
1
4
3
3
0

TOTALS
1
42
11
3
4
4
49
4
12
13
5
3

SD-WAP

6

1

1

1

1

10

SEDGWICK
STCATHERN
YULEE

2
2
12

0
0
1

0
1
1

2
2
5

0
3
11

4
8
30

TOTALS
% of Total

83
40.89

13
6.40

8
3.94

36
17.73

63
31.03

203

1

Bontebok (Damaliscus pygargus dorcas) AZA North American Regional Studbook
and Population Management Plan, Sam Berner, regional studbook keeper. (Total animal
number differs from previous mortality data set due to unspecified birth and/or
death dates.)

2

Location Key:
BATTLE CR: Binder Park Zoo, Battle Creek, Michigan, USA; BROWNSVIL: Gladys
Porter Zoo, Brownsville, Texas, USA; CATSKILL: Catskill Game Farm, Catskill, New
York, USA; CLEVELAND: Cleveland Metroparks Zoo, Cleveland, Ohio, USA;
DALLAS: Dallas Zoo, Dallas, Texas, USA; HOLIDAY: Earl Tatum, Eureka Springs,
Arkansas, USA; MCALLEN: La Coma Ranch, McAllen Texas, USA; MEMPHIS:
Memphis Zoological Gardens & Aquarium, Memphis Tennessee, USA; METROZOO:
Miami Metro Zoo, Miami Florida, USA; OKLAHOMA: Oklahoma City Zoological
Park, Oklahoma City, Oklahoma, USA; OMAHA: Omaha’s Henry Doorly’s Zoo,
Omaha, Nebraska, USA; OR WILDLIF: Oregon Wildlife Foundation, Sheridan,
Oregon, USA; SANDIEGOZ: San Diego Zoo, San Diego, California, USA; SD-WAP:
San Diego Wild Animal Park, Escondito, California, USA; SEDGWICK: Sedgwick
County Zoo, Wichita, Kansas, USA; STCATHERN: St. Catherine’s Island/WSC,
Midway, Georgia, USA; YULEE: White Oak Conservation Center, Yulee, Florida,
USA.
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Discussion
This study provided an initial look at estrous cyclicity in bontebok using fecal
immunoreactive progestin monitoring in a species in which reproductive data is sparsely
available. Using non-invasive monitoring techniques, it is possible to diagram the estrous
cycles of bontebok (Damaliscus pygargus dorcas) where handling, and human
interaction is not possible in a captive zoological setting. Moreover, the limited handling
and interference by humans during collection likely lessened the degree to which stress
hormones may skew progestin measurements during general management practices and
or handling. Estrus cyclicity has also been obtained via fecal progestin measurement in
similar species (scimitar-horned oryx: Morrow and Monfort, 1998; sika deer: Matsuura et
al., 2004; captive moose: Monfort et al., 1993). To this end, data received from such
studies can improve propagation efforts by offering physiological outlooks upon a
species in which little reproductive data has been collected.
Studies by Morrow and Monfort (1998), confirm that fecal progestin excretion
accurately reflected serum progesterone concentrations in the scimitar-horned oryx (Oryx
dammah). Profiles obtained via fecal immunoreactive progestin determinations from
Bontebok female L13871 demonstrates cyclicity of bontebok in succession consistant
with a seasonal breeder. A general estrous length of 20.7 ± 1.4 d (combined years 1 and
2) is perceptible throughout several months of study in which sampling occurred for this
representative female in which sampling identification could be confirmed. Lactationalinduced anestrus could possibly have resulted in a later reproductive season in 2002/2003
than 2003/2004, or it is feasible that a seasonal cue may have initiated the shift in cycles.
Results from this study yielded higher progestin concentrations than found in previous
63

studies of scimitar-horned oryx (Oryx dammah), in which exogenous progesterone was
introduced to propose an increase in excreted concentrations for fecal determination (see
Morrow and Monfort, 1998). However, a similar trend in cyclicity in bontebok and
progesterone administered scimitar-horned oryx can be noted. Due to the absence of
reproductive physiology data recorded concerning bontebok, it is uncertain as to what
degree these two species relate with considerations to progestin concentrations. However,
basal concentrations found between cycles in Bontebok correlate with those seen preprogesterone administration and 72 h post-administration in scimitar-horned oryx studies
(see Morrow and Monfort, 1998). Thompson et al. (1998) examined estrous cycles in
sable antelope using serum progesterone concentrations with findings that suggest an
estrous cycle length of 21.3 ± 0.9 d, comparable to measures found in bontebok via fecal
immunoreactive progestins. Morrow and Monfort’s (1998) study of the scimitar-horned
oryx also yielded data confirming estrous cyclicity using fecal determinations, further
solidifying this methodology as a possible reproductive management tool.
Extraction processes were performed using a modified method of Wasser et al.
(1994) in which steroid extractions are perceived as having a coefficient of variation
greater than 15% (Morrow and Monfort, 1998). Using proper pulverization techniques of
fecal samples, it can be assumed that steroid distribution was comparatively homogenous,
signifying that all portions of the sample sufficiently represent metabolite concentrations
of the entire sample.
Bontebok are listed by the IUCN as a “vulnerable” species due to over hunting
during the early 1900’s. The Bontebok National Park was established in 1931 near
Bredasdorp, South Africa with numbers as low as 20 animals (Berner, 2004). Throughout
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recovery efforts, animal numbers improved and were relocated near Swellendam, South
Africa in 1961. A surplus of animals were then used to establish additional populations
in other protected reserves and on private lands resulting in a current wild population of
more than 2000 animals.
Current North American Bontebok population numbers are static and careful
management practices are needed to ensure species survival. It has been noted that many
of the subjects are closely related and need to be transferred to other institutions to
prevent inbreeding (Berner, 2004). Cooperation between zoological institutions and
careful management is necessary towards the continued survival of the species in North
America. Mining of the historical population data via the AZA North American Regional
Studbook and Property Management Plan provides insight into mortality rates and
management techniques. The data expresses the welfare of these animals in their captive
lives, and studbook information tracing back to the early 1900’s. This not only gives zoo
officials a look at the origination of their captive population, but also provides researchers
with population fluctuation data which can better detail the crucial management
techniques needed to ensure survival for this vulnerable species.
Improvements of management practices can be perceived from mining of
bontebok historical population data. High newborn mortality rates coupled with the
failure of many animals to reach maturity (2 years of age) severely impacts population
growth. Over half of the recorded North American Bontebok population (51.19%) likely
never reach reproductive capacity (i.e. died less than two years of age) and therefore did
not effectively enhance population growth. It is necessary to more carefully manage the
species during early years to ensure longevity of captive animals and provide a larger
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population with reproductive potential. It has been noted by others that bontebok deliver
in warmer seasons (September through October) but can fall into cooler seasons in
months as late as February (Berner, 2004). Information from data analysis of the historic
bontebok birth seasonality confirms these results. Animals born out of season (13.42%)
may cause increased mortality rates due to the excess stressors placed on them during this
developmental stage (e.g. weather). Studies of captive population mortality also revealed
that over half (60.32%) of the recorded female bontebok lived past 5 years. With this
elevated statistic, the use of Assisted Reproductive Technology such as artificial
insemination could provide additional support in propogation efforts due to the shorter
life span of captive males in the historical data set.
Analysis of the historical data did not take into account the enhancement of
management practices over the duration (1909-2004) of the recorded captive populations.
With this in mind, it is possible that many of the mortality rates are skewed due to
advancement over the years and are not a distinct representation of longevity of bontebok
in the present. All data points analyzed in this study represent only zoo-born, lifelong
captive animals and did not include any wild caught animals from early captivity stages
during population rebuilding efforts. Analysis of this data must prompt researchers and
conservation biologists alike to take more aggressive measurements towards propogation
efforts of bontebok to ensure the survival of the species. The data analyzed however does
not include chronological improvements over the recorded period, and therefore one can
assume that management practices have evolved over time to provide better health care
for bontebok at early stages of life thus improving the outlook for growth and longevity
of the species.
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Conclusion
The need for reproductive awareness of bontebok (Damaliscus pygargus dorcas)
is an issue that is required to ensure proper propagation efforts. The data would need to
be acquired through the most non-invasive methods possible due to population status.
This study has permitted the non-invasive monitoring of progesterone levels of animals in
which intrusive handling would normally be necessary in order to obtain such delicate
information. Fecal progestin profiling can be a great tool in which one can use to
determine bontebok cyclicity to provide more insight into reproductive fertility. With this
knowledge it would be possible to elect a breeding time more prone to maternal
reception. The study also suggests a need for more strenuous population management
from historical population data analysis. Studies such as these can be useful in
spearheading safe data collection of vulnerable animals with prudent results.
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CHAPTER IV
RELATIONSHIPS BETWEEN HEIFER TEMPERAMENT INDICES AND FECAL
IMMUNOREACTIVE CORTICOID DETERMINATIONS

Introduction
Cortisol, an adrenal steroid hormone, is often noted as significant to
physiological stress responses in mammals (Sapolsky et al., 2000). Careful monitoring of
this hormonal index can provide insight into aspects of animal welfare and temperament.
Usage of temperament indices such as exit velocity, chute score, and pen score are
currently being applied as potential selection criterion for beef cattle (Curley et al., 2008).
It has been shown in previous studies that animal temperament can be characterized by
the degree of fear response generated by handling and it is this response that which exit
velocity measures to quantify temperament in cattle (Burrow, 1997; Kilgour et al., 2006).
It has also been shown that elevated serum cortisol concentrations are noticeable in cattle
more agitated by human-animal interactions (i.e., exhibiting a faster exit velocity) in
comparison to animals that are calmer (i.e., exhibiting a slower exit velocity; Curley et
al., 2006). With this said, measurements of animal temperament, both quantitative and
qualitative indices, along with other physiological measures are directly associated with
animal handling and are indicators of animal stress. Such measures of bovine
temperament may clarify behavioral and physiological phenotypes that have parallels in
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other animal models using similar indices (rats: Landgraf and Wigger, 2002, 2003;
Cavigelli and McClintock, 2003). However, questions concerning the physiological state
of animals with varying temperaments when not handled have been posed. Solutions to
such questions are complicated due to the difficulty of obtaining measurements without
inducing “stress” or eliciting a “temperamental” response. Fecal extractions of steroid
hormones have been utilized in numerous species as an informative method for
examining hormone levels non-invasively (Millspaugh and Washburn, 2004).
Conversely, the measurement of fecal cortisol for non-invasively monitoring of stress in
ruminants has been problematic due to the non-specificity of most immunoassays with
excreted cortisol metabolites (Wasser et al., 2000). Feces typically contain multiple
glucocorticoid metabolites with little native hormone (Eriksson et al., 1971).
Nevertheless, several assays have been developed, which have targeted a group of
cortisol metabolites, or have in fact shown a generalized cross-reactivity with a broad
spectrum of corticoid metabolites (Wasser et al., 2000). The objective of this
investigation was to assess the relationship between heifer temperament indices and fecal
corticoid determinations obtained non-invasively from animals on pasture.
Materials and Methods
Animal Selections
From a group of Brahman heifers (n = 25), a selection of animals (n = 10; 186 ± 4
days of age) were examined for assesment of temperament parameters as either calm (n =
5) or temperamental (n = 5) using exit velocity (EV), chute score (CS), and pen score
(PS). The remaining animals (n = 15) were used for initial determinations of temperament
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and feces correlations and these were collected for further analysis. Heifers were raised in
a managed research herd. Animals were not previously haltered, confined, or utilized in
other research endeavors. Animals were group housed and had free access to feed and
water.
Temperament Indices
Animals were grouped after analysis of EV, CS, and, PS as either calm or
temperamental. Exit velocity is the rate at which the animals exited a squeeze chute and
traversed a fixed distance of 1.83 m. This was evaluated using a pair of infrared detectors
connected to an electronic timing unit (Farm Tec, Inc., North Wylie, TX) which was
placed approximately 1 m in front of the working chute. As the animal passed between
the first pair of electronic detectors, a timer was started. The time was halted when
animals crossed a second pair of electronic detectors placed 1.83 m beyond the first set.
This measure has been compared to other temperament assessment methodologies and
found to quantify aspects of animal temperament (see Burrow and Corbet, 2000; Muller
et al., 2006) and has also been noted to yield appraisals of cattle temperament over time
(Curley et al., 2006). The measurement of CS is based on the behavior of the subject
while directed into a squeeze chute (Grandin, 1993). This qualitative measurement was
ranked using a scale of 1-5 (1 = calm, no movement; 2 = slightly restless; 3 = squirming,
occasionally shaking the squeeze chute; 4 = continuous, very vigorous movement and
shaking of the squeeze chute; 5 = rearing, twisting of the body and struggling violently)
based on the behavior of the animal as it stood in the weight box before being placed in
the chute. No restraint was used other than the confinement to the weight box. The
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analysis of PS was evaluated while animals were located within a holding pen of the
working facility. This measurement was evaluated as the reaction of the animals as the
handler approached the pen. The scaled used for pen score is as follows: 1 = walks
slowly, can be approached slowly, not excited by humans; 2 = runs along fences, stands
in corner if humans stay away; 3 = runs along fences, had up and will run if humans
come closer, stops before hitting gates and fences, avoids humans; 4 = runs, stays in back
of the group, head high and very aware of humans, may run into fences and gates; 5 =
excited, runs into fences, runs over anything in its path. Animals were assessed using all
three described indices pre-study and classified as either “calm” or “temperamental” (see
Table 4.1). The two groups were then re-assessed for temperament at 15 ± 0.14 months of
age as a pre-study data, and again 25 days later providing a post-study data collection. A
collection of blood samples were obtained towards cortisol concentrations for
comparative analysis at pre and post-study time points. Pre -study serum analysis are not
shown. The mean values of all temperament indices within the temperamental group
during initial classification are approximately two-fold the mean values of the calm
animals. Using this data, it was possible to separate the heifers (n=10) into two
contrasting sets (Calm, n=5; Temperamental, n=5).
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Table 4.1
Mean values for temperament indices based on initial
grouped animal performance

Index:
Exit Velocity

Temperamental:
3.9 ± 0.19 a

Calm:
1.1 ± 0.30 b

Chute Score

3.0 ± 0.55

a

1.4 ± 0.40

b

Pen Score

3.6 ± 0.40

a

1.6 ± 0.25

b

ab, P < 0.05

Fecal Collection
To further investigate stress parameters, heifers were maintained on pasture for 10
days prior to the initiation of fecal sampling. The 10 day period was used as an
acclimation period to allow animals to become familiar with their environment, and also
to prepare the animals for the sight of research personnel acquiring samples from pasture.
Collection began following the 10 day acclimation period (day 1 of study), and were only
obtained after excretion. No fecal collections were gathered directly from the rectum.
Fecal samples were collected over a 14 d period, obtaining a single sample per day, per
animal, after positive identification of defecation. The unrestrained animals were
observed by research personnel and as the subject completed defecation, the sample was
gathered from pasture, placed in plastic bags, and labeled with proper animal
identification and date. The samples were then stored at -20°C until analysis for fecal
immunoreactive corticoids by RIA.
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Fecal Processing
Fecal samples were allowed to thaw at room temperature. The samples were then
weighed for total weight and dried at 60°C for ~48hrs. Collections were then sub sampled
and further processed. The extraction technique was adapted from the methods described
in Wasser et al. (1994). Once samples were dried, 0.5 g of dried feces was then placed
into 5 mL of 80% methanol and vortexed for ~14hrs. The vortexed samples were then
centrifuged at 2500rpm for 15 min. The supernatant was then removed and evaporated
under air for 12-14hrs. The pellet was then reconstituted in 0.5 mL of 80% methanol for
RIA determinations. The representative corticoid content of feces was determined based
on Cortisol and Corticosterone RIA (see below). Data obtained from the assays were then
converted into ng/g feces on a dry matter basis. The fecal corticoid values are
concentrated due to the removal of high moisture content (~82.4% moisture removal)
when samples were dried at 60°C (Millspaugh and Washburn, 2004).
Radioimmunoassay
Blood Analysis
Cortisol concentrations were determined from duplicate samples using a single
antibody RIA procedure as described by Carrol et al. (2007). This assay employed the use
of rabbit anti-cortisol antiserum (Pantex, Div. of Bio-Analysis Inc. Santa Monica, CA,
Cat. #P44) diluted 1:2500. Standards were generated by serial dilution (8000 pg/100 uL
to 3.9 pg/100 uL) of 4- pregnen-11β,17,21- triol-3,20- dione (Steraloids Inc., Newport,
RI) and radiolabeled cortisol ( 3H- hydrocortisone; 1,2-3H, NEN, Boston, MA). Cross
reactivity of cortisol antiserum are as follows: corticosterone, 60%; deoxycorticosterone,
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48%; progesterone, 0.01%; and estradiol, 0.01% as determined by Pantex Inc (Curley et
al., 2008).
Fecal Analysis
Corticoid measurements were obtained using RIA determinations of a cortisol
RIA kit (Coat-A-Count® Cortisol; Los Angeles, CA), and corticosterone RIA kit (MP
Biomedicals, LLC; Orangeburg, NY) on all fecal samples obtained from the study.
Cortisol measurements were obtained using similar methodology as Wasser et al. (2000).
A review of literature states that cortisol is the predominant glucocorticoid in medium to
large animals, fish and humans, while corticosterone measurements have been used
primarily with mice and avian species, from measures of serum samples (Hadley,
1996).With this said, exceptions concerning the primary glucocorticoid in certain groups
of animals are present. Millspaugh and Washburn (2004), describes an example in which
cortisol is the primary glucocorticoid in guinea pigs, illustrating that a spectrum of fecal
glucocorticoid measurements exist among species due to the variation in blood
glucocorticoids, liver metabolic pathways, and gut microbial communities. To this end,
due to the spectrum of fecal glucocorticoid measures and species-specific responses to
environmental conditions and anthropogenic influences, direct comparisons among
species are not appropriate (Romero, 2004). However, in this study, corticosterone
measures were obtained after several trials of sample dilution examination. The use of
this antibody with domestic animal fecal samples had not been examined thoroughly by
ICN Biomedicals. A final dilution of 1:25 was used for all corticosterone assays. It is
unclear what glucocorticoid groups these antibodies may cross-react with in feces.
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However for the corticosterone RIA used in this study, ACTH studies have demonstrated
that the antibody cross-reactivity can effectively detect changes in endogenous adrenal
activity in a wide range of mammalian and avian species (Wasser et al., 2000).
Assay Validation
Data was generated to validate results given from previous experiments. A
preliminary trial using feces from a single animal was used to assess the variability
between dried and fresh frozen samples. Results show a significant increase (6 fold) of
cortisol concentrations in the dried samples (5.33 ng/g dry feces; 0.90 ng/g wet feces).
Further investigations revealed that dehydrating supernatant under air will produce an
even stronger concentration of the sample. A sample set was then used to assess the
variability between dried samples and samples that were dried and dehydrated under air.
Results showed a 3-fold increase of cortisol concentration (evaporated: 5.94 ng/g dry
feces; dried: 1.91 ng/g dry feces) from dehydrating the sample under air.
Another preliminary trial was used to test the effectiveness of concentrating fecal
glucocorticoid after dehydrating sample supernatant under air versus simple fresh frozen
fecal extractions. A random sample set of animal feces was chosen (n=14) and both dried
feces and fresh frozen feces analyzed as follows. Dried samples were prepared following
methods similar to Wasser et al. (1994). However, the samples were not boiled and
methanol used to extract the feces was at 85% instead of a 90% ethanol solution. Fresh
feces were extracted under similar conditions as the dried samples. The supernatant of the
fresh samples were not dehydrated under air. Supernatant was placed directly into the
assay. Data was obtained from both cortisol and corticosterone RIA. Results from the
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dried sample assays yielded an 18-fold increase of corticosterone concentration and a 25fold increase in cortisol concentration. Observing the data from these experiments, it was
decided to use a dried, dehydrated sample for all assay purposes throughout the
experiment.
Statistical Analysis
Statistical analysis was performed using ANOVA (factorial and repeated
measures where appropriate) to ascertain physiological status (Temperamental vs.Calm),
time and respective interactions.

For mean separation of study parameters, the Student’s

t test was employed and data expressed throughout as the mean ± SEM. Pearsons
correlations with Fishers r to z transformations were used to determine the relationship
among fecal immunoreactive cortisol, Corticosterone, and serum cortisol concentrations.
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Table 4.2
Cortisol RIA cross-reactivity measures1

Coat-A-Count® Cortisol
Compound
% Cross - Reactivity
100
Cortisol
0.03
Aldosterone
1.60
Betamethasone
0.94
Corticosterone
0.98
Cortisone
0.01
Danazol
0.26
11- Deoxycorticosterone
11.40
11- deoxycortisol
0.04
Dexamethasone
0.01
Estriol
0.01
Estrone
ND
Fluticasone
0.02
Flumethasone
0.00
Methotrexate
12.00
Methylprednisone
11.00
Prednisolone
76.00
Prednisone
2.30
Pregnenolone
0.02
Pregnanediol
ND
Progesterone
0.34
Tetrahydrocortisol
0.13
Triamcinolone
1

Coat-A-Count® Cortisol RIA, Siemens Medical Solutions Diagnostics Los Angeles,
California, USA
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Table 4.3
Corticosterone RIA cross-reactivity measures1

MP Biomedicals Corticosterone
Compound
% Cross - Reactivity

Corticosterone
Deoxycorticosterone
Testosterone
Cortisol
Aldosterone
Progesterone
Androstenedione
5- Dihydrotestosterone
Cholesterol
Dehydroepiandrosterone
Dehydroepiandrosterone-sulfate
11- Desoxycortisol
Dexamethasone
20- Dihydroprogesterone
Estrone
Estradiol- 17
Estriol
Pregnenolone
17- Hydroxypregnenolone
17- Hydroxyprogesterone
1

100.00
0.34
0.10
0.05
0.03
0.02
0.01
0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

Immuchem™ Double Antibody Corticosterone 125I RIA kit, MP Biomedicals, LLC,
Orangeburg, NY, USA.
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Results
Pre-and Post-Study Temperament Indices
When examining the Temperamental group initially, values at both pre- and poststudy periods show correlations for EV and serum cortisol (see Table 4.4). Also of note is
the significant difference between pre- and post-study values for this group within the CS
and PS indices. Calm grouped animal measurements remained numerically the same
throughout the trial. The post-study temperament indice values are however slightly
lower than pre-study values. However, throughout pre- and post-study, values for the
Calm set of animals have no significant difference between indicies, yet are significantly
lower (P < .05) than Temperamental grouped animals over all indices. Though
Temperamental group indices declined at post study time points, overall, these measures
remained significantly higher (P < .05) than Calm grouped animals at both time points
thereby adequately exemplifying the use of such indices to describe the temperament of
cattle with clear classification characteristics.
Fecal Immunoreactive Cortisol
Analysis of fecal immunoreactive cortisol by animal classification over the 14 d
period provided little insight into differing temperaments observed initially by EV, CS,
and PS. Subjects identified as Temperamental had elevated concentrations of daily
cortisol levels in comparison to Calm animals over the greater part of days 1through 7
(Figure 4.1). These measurements confirm the results found in the initial temperament
indice measurements (pre-study) in which Temperamental animals were higher than
those considered Calm. Cortisol concentrations for the Temperamental group peaked at
79

11.7 ± 2.43 ng/g dry feces throughout the trial whereas the calm group reached maximum
cortisol expression at day 3 at 8.77 ± 1.29 ng/g dry feces. On days 8 through 14, there
were no significant difference (P > 0.10) between the two classifications, excluding day
13 in which the Temperamental group remained more elevated than Calm group in fecal
immunoreactive cortisol concentrations (5.30 ± 1.11. ng/g dry feces vs. 3.37 ± 0.75 ng/g
dry feces respectively). Calm animal cortisol concentrations remained lower, or provided
no significant differences to Temperamental animal concentrations throughout the 14 d
period, excluding days 3 and 13.
Noting the differences between fecal immunoreactive cortisol concentrations at
the beginning of the study (days 1-7) and end (days 8-14), graphs were generated for
analysis and to provide insight into temperament during these periods of the study. An
analysis of collective fecal cortisol concentrations by temperament over the first week of
study presented no significant difference between either classification (Temperamental:
5.84 ± 0.85 ng/g dry feces vs. Calm: 6.37 ± 1.02 ng/g dry feces). Cortisol measurements
during the first week of study between the groups were higher in the Temperamental
group on a daily basis, but collectively did not show an elevated concentration.
Examination of week two of the study (days 8-14) revealed similar results. There were no
significant differences in cortisol concentrations between classifications. Measurements
were highly correlated during week two and numerically similar (Temperamental: 4.99 ±
0.73 ng/g dry feces vs. Calm: 5.20 ± 0.85 ng/g dry feces). With this said, a collective
measurement of mean immunoreactive cortisol concentrations over the duration of the 2
week period yielded no significant differences (P>0.10), thereby not providing methods
for classification of animal groups by temperament. Knowing this, temperament cannot
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be observed in this study based on weekly analysis of fecal immunoreactive cortisol
concentrations (See Figure 4.2).
Fecal Immunoreactive Corticosterone
Analysis of fecal immunoreactive corticosterone measurements provides a greater
insight of temperament classifications. Results of daily analysis show elevated
corticosterone levels within the Temperamental group until day 8 of collection, similar to
results found within cortisol measurements. Corticosterone concentrations also peaked at
day 2 within both groups (Temperamental: 35,677 ± 8707 ng/g dry feces vs. Calm:
27,516 ± 8991 ng/g dry feces). Corticosterone concentrations within the Temperamental
group remained numerically higher than Calm grouped.
Analysis of combined fecal immunoreactive corticosterone measurements over
time also yielded results that promote temperament classification unlike those found in
cortisol measurements alone. Corticosterone measurements were significantly different
between Temperamental (27391 ± 8499 ng/g dry feces) and Calm (20020 ± 6278 ng/g
dry feces) groups over a combined 7 d period (week 1) in contrast with results found
from cortisol measures of the same samples. Examining combined measurements
between groups during days 8-14 yielded similar results in which the Temperamental
groups had a higher concentration of corticosterone than Calm grouped animals
(Temperamental: 17860 ± 6555 ng/g dry feces; Calm: 15173 ± 5285 ng/g dry feces).
With this said, concentrations of corticosterone remained higher in animals assumed
Temperamental, than those classified as Calm throughout the 14 d collection (22481 ±
8657 ng/g dry feces; 17597 ± 6254 ng/g dry feces respectively). (See Table 4.6)
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Table 4.4
Pre- and post-study temperament indices of exit velocity, chute score, pen score, and serum
cortisol concentrations

Item1:
Exit Velocity

Chute Score

Pen Score

Temperamental

Calm

Pre-Study
Post-Study

3.3 ± 0.21 a
2.5 ± 0.32 a

2.4 ± 0.23 b
2.2 ± 0.56 ab

Pre-Study
Post-Study

4.0 ± 0.78 a
2.6 ± 0.40 c

1.6 ± 0.40 b
1.6 ± 0.25 b

Pre-Study
Post-Study

4.4 ± 0.40 a
2.6 ± 0.40 c

2.2 ± 0.37 b
1.8 ± 0.37 bc

Serum Cortisol
Pre-Study
55.5 ± 10.0 a
35.8 ± 9.7 ab
Post-Study
55.4 ± 3.2 a
30.6 ± 6.0 b
________________________________________________________
1

Exit Velocity: m/s; Chute Score: 1(calm no movement) – 5(struggling violently);
Pen Score: 1(not excited by humans) – 5(excited, runs over anything in its path);
Serum Cortisol: ng/ml
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Figure 4.1 Fecal immunoreactive cortisol concentrations by temperament classification over 14 days of collection

Table 4.5
Combined mean fecal immunoreactive cortisol concentrations over days 1 through 7 and
days 8 through 14 time periods by temperament classification1

Days

Mean Cortisol Values (ng/g dry feces)
Temperamental
Calm

1-7
8-14
1-14

5.84 ± 2.30
4.15 ± 1.42
4.99 ± 2.02

6.37 ± 3.51
4.11 ± 1.43
5.2 ± 2.83

TRT: P> 0.10
1

There were no significant differences in combined mean cortisol concentrations over
time, although the Temperamental group’s fecal cortisol measures were numerically
higher than Calm animal’s concentrations at days 1-7 and over the combined 14 day
measurements period.
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Figure 4.2 Fecal immunoreactive corticosterone concentrations by temperament classification over 14 days of collection
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Table 4.6
Combined mean fecal immunoreactive corticosterone concentrations over days 1 through
7 and days 8 through 14 time periods by temperament classification1

Days
1-7
8-14
1-14

Mean Corticosterone Values (ng/g dry feces)
Temperamental
Calm

27391.50 ± 8499.08
17860.94 ± 6555.84
22481.82 ± 8657.56

20020.78 ± 6278.05
15173.29 ± 5285.98
17597.04 ± 6254.96

TRT: P < 0.001
1

There were significant differences noted in combined mean corticosterone
concentrations over all groupings of sampling days. Animals classified as Temperamental
revealed corticosterone measures that were significantly higher than Calm animal’s
concentrations overall
Fecal Immunoreactive Corticoids and Serum Cortisol Correlations
Analysis of correlations between fecal immunoreactive cortisol and corticosterone
provided a significant correlation between the two measurements (r = 0.54, P < 0.001).
This confirms linearity amongst fecal immunoreactive cortisol and corticosterone
measurements. Correlations were performed using serial fecal collections of heifers (n =
10) and days of collection (n = 14). The total observations (n = 129; 11 missing values
due to absent fecal samples) were plotted. Such correlations provide insight to the
association of cortisol and corticoid values, along with further acknowledgement of fecal
immunoreactive corticosterone concentration usage due to parallelisms with cortisol
(Figure 4.3).
A “single time point” analysis was also completed to determine correlation
between fecal cortisol ad corticosterone indices. This measurement was prepared using
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pre-study heifer samples (n=25) along with the heifers used for temperament analysis (n
= 10 thus n = 35 total heifers used in sub-set analysis) which were collectively plotted to
asses correlations between fecal immunoreactive cortisol and corticosterone. The
animals’ initial (day 0) fecal immunoreactive corticoid measurements were plotted to
asses relations between fecal cortisol and corticosterone values. There was a strong
correlation found between these indices (r = 0.72, p < 0.001) which exemplifies the
relationship between excreted cortisol and corticosterone measurements.
Within this trial, blood sampling was not performed in a similar manner as fecal
collections, thereby only allowing correlation of fecal glucocortiods to pre- and poststudy serum measurements. To this end, correlations of both fecal immunoreactive
cortisol, and corticosterone were made to asses association between the two
measurements (Figure 4.5). Results yielded a negative correlation (r = -0.18, P > 0.10)
within serum cortisol–fecal immunoreactive cortisol measurements. This may be due to
“lag effect” between circulating and excreted measurements as mentioned above. There
was however, a slight correlation found within serum cortisol, and fecal immunoreactive
corticosterone (r = 0.15, P > 0.10). Though minor, this correlation may reflect that fecal
corticosterone concentrations are more adequate at determining circulating
glucocorticoids in this study. (See Figure 4.6)
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There was no significant correlation found between the two indices, and is possibly due
to dissociation or a lag effect established within excreted and circulating corticoid
concentrations.

90

100
90
80

... 70

..
..=...
0

Cl)

I= 60

.t.•

0

'-' 50
:E
Cl)

•

40

•••

30
10
0

R = 0.15
P > 0.10

•

20

0

20000
40000
60000
80000
FECALll,T,IJIIOREACTIIIE CORTICOSTEROIIE

100000

Figure 4.6 Analysis of correlation found between serum cortisol (ng/mL)
and fecal immunoreactive corticosterone (ng/g dry feces) 1
1

No significant correlation was noted. Such indices are not a highly correlated to fecal
cortisol, fecal corticosterone analysis. However, in this study, corticosterone more
accurately depicted circulating corticoid measurements during single-point sample
collection.
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Discussion
The use of non-invasive temperament indices has proven effective in many
studies (Grandin, 1993; Curley et al., 2006, 2008; Vann et al., 2003). It is important to
understand animal temperament because it has been demonstrated to have negative
impacts on facets of both dairy and beef production. For example, temperamental cattle
exhibit lower weight gain, produces tougher carcasses, and milk production is decreased
(Burrow, 1997; Voisinet et al., 1997; Drugociu et al., 1977). To this end, the use of
reliable and repeatable measures must be developed to understand individual animal
stress responses (Curley et al., 2006).
Results from temperament indices in this study (e.g. CS, PS, and EV) provided
adequate classification of animals as either Temperamental or Calm during the first week
of collection as compared to serum cortisol concentrations taken at pre-study time points.
The decline in temperamental measurements assessed post-study may be due to
acclimation of handling confirmed by previous studies with results stating that frequent
handling usually reduces the variation between individuals (Andrade et al., 2001). During
the pre-study measurements, the animals were becoming acclimated to their environment
and could have been slightly stressed. Observations by Grandin (1997) illustrate that
cattle become averse and fearful of new situations, and for proper management should be
allowed to slowly acclimate themselves to the situation at the start of entering a new
environment. Also, it has been shown that cattle can become accustomed to repeated nonaversive procedures such as weighing or blood sampling (Hargreaves and Huston, 1990).
The decrease in qualitative measurements can be perceived as acceptable for animals
entering a differing setting, and becoming familiarized to procedures throughout the
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duration of the trial. Studies by Curley et al. (2008) confirm that non-invasive
temperament indices such as EV accurately depict functional characteristics of the bovine
hypothalamic-pituitary-adrenal axis. Their study examines the relationship of EV
measurements of cattle temperament shown as a repeatable index, and provided insight
that it is associated with serum concentrations of cortisol in Brahman bulls. Due to the
possibility of confounding results due to handling, other non-invasive temperamental
measurements such as hair whorl position have been examined to assess cattle
temperament. Grandin et al. (1995) and Lanier et al. (2001) examined behavior during
commercial handling operations using animals unfamiliar with frequent handling, but
found that this system may not be a reliable indicator of temperament except in extensive
ranch-style operations atypical of many beef production regions (Olmos and Turner,
2008). Curley et al. (2006) suggested that data collected from studies using non-invasive
temperament assessments, provides insight that EV measurements may be more useful
than subjective measures such as PS and CS. PS measurements fluctuated less than other
measures after an indicated adaptation period (Curley et al., 2006).
Analysis of fecal immunoreactive corticoids revealed some insight into
temperamental classification similar to those found using indices mentioned above.
Heifers classified as Calm or Temperamental, based on temperament indices, exhibited
similar fecal immunoreactive cortisol concentrations over time while maintained on
pastures. Fecal immunoreactive corticosterone values, which may be more representative
of fecal corticoid concentrations, differed at the beginning of sample collection (days 1
through 7) but were similar during the latter days of collection (days 8 through 14).
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Fecal immunoreactive corticosterone demonstrated a more direct relationship to
temperament than immunoreactive cortisol, however additional studies are needed
regarding the corticoid content of feces being quantified by this RIA. Though serum
corticosterone is often used in small mammals and avian species, it seems to adequately
indicate temperament when compared to qualitative measurements acquired pre and poststudy relative to cross-reactive (immunoreactive) corticoids detected with the
cortsicosterone antibody. The similarity in peaks found within the two RIAs (cortisol and
corticosterone) provide relevance that corticosterone is a good indicator of circulating
corticoids using fecal determinations.
In this study, fecal immunoreactive cortisol and corticosterone were positively
correlated with one another, and not correlated to serum cortisol collected on the same
day. A direct relationship between excreted and circulating concentrations of
glucocorticoids is confounded due to uncontrollable factors of animal physiology (e.g.,
lag effects, etc.). However, analysis of circulating glucocorticoid measures via blood
samples at both pre- and post-study time points confirm classification of the animals into
their subgroups. There is a direct correlation of temperament classifications based on
non-invasive indices and those made using serum cortisol concentration as seen in
previous studies (Curley et al., 2008, 2006). Identifying such factors may provide more
adequate representations of stress found within cattle. Overall, these findings are relevant
to animal selection and management as temperament responsiveness may affect
physiological parameters such as animal metabolic and immune responses (Fell et al.,
1999).
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Conclusion
Temperament traits as well as fecal immunoreactive cortisol measurements were
effective in classifying animals in this study. Differences noticed in animal temperament
at pre-study collection points remained evident throughout the first week of study, and
was positively correlated with serum cortisol levels and elevated corticosterone levels
from fecal glucocorticoid analysis. These results suggest that EV, PS, and CS data were
related to stress responsiveness of the animals observed in the study. Additionally,
relationships found between classifications were consistent; although the degree of these
values appeared to change over time. Acclimation effects due to handling was evident
throughout the second week of study, but were correlated with serum cortisol, fecal
immunoreactive corticosterone, and temperament indices. To this end, the use of animal
temperament indices, along with fecal immunoreactive corticosterone concentrations
appears beneficial in classifying animal temperament traits.
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CHAPTER V
BLOOD COLLECTION IN AMBULATORY, UNRESTRAINED COWS USING THE
ICE SAMPLER™ SYSTEM: A PRELIMINARY STUDY

Introduction
Many management techniques often induce stress in animals and can also affect
general welfare. Monitoring stress indices and animal welfare markers require the use of
quantifiable indices as to the degree of stress experienced by the animal (Ingram et al.,
1997). This is observed by monitoring responsiveness in adrenal cortex function by way
of changes in plasma cortisol concentrations during stress induced procedures or the
introduction of exogenous adrenocorticotropic releasing hormone infusion (ACTH
challenge) into the bloodstream. Several studies have concluded that chronic stressors can
alter the responsiveness of the hypothalamo-pituitary axis to acute stress of ACTH
challenge (i.e. crowding, social disruption, competition) (Ingram et al.,1997). In order to
asses these changes blood sampling is utilized to provide a quantifiable measurement of
circulating corticoid metabolites in the animal for hormonal analysis.
The history of blood collection commonly entails direct human interaction to
retrieve adequate sample volumes for analysis. Human interaction, to any degree, has
been noted to induce stress in livestock under a variety of management conditions. It has
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been shown that endogenous ACTH, released as a part of the HPA axis response to
handling and restraint stress, can be a major confounding variable in using restraint
techniques to monitor corticoid concentration (Suttie et al., 1995). Eliminating the
majority of human interference while retrieving satisfactory data points from blood
parameters would provide researchers with a more basal hormone profile untarnished by
handling (Ingram et al., 1997). To accomplish this, it is appropriate to design an
ambulatory device that can retrieve blood samples while animals are unaware of
sampling time and frequency. Remote blood collection technology provides insight into
this less invasive method of sampling.
Background
Remote blood collection devices have been used in the past to access a variety of
endocrine parameters. Rudimentary devices have been used to collect samples from a
variety of animals (e.g. cattle and buffalo: Hattingh et al., 1988; reindeer: Sakkinen et al.,
2004), and some commercially developed devices have been used to monitor stress less
invasively in small and large animals for research applications (mice: Accusampler, Royo
et al., 2004 and Culex, Kissinger et al., 2003; Deer: Dracpac, Ingram et al., 1997, 1999).
Of note, the Dracpac remote infusion and blood collection device consists of a pumping
unit which contains two small peristaltic pumps for pumping heparin, and drawing blood
samples (length 150 mm, diameter 50 mm, weight 395 g) as described by Ingram et al.
(1999). The system also contains two 38-position rotary switching valves, a 6 volt battery
supply, and a control box (length 160 mm, width 80 mm, height 60 mm, weight 580 g)
which contains a programmable microprocessor allowing users to instruct the
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mechanisms starting time, duration, and rate of sample. Inside, the unit also houses a
plastic bag containing concentrated heparin, 74 separate blood collection tubes (4.5 mL
monovette syringe, Sarsdetd Ltd, Numbrecht, Germany) and a double lumen catheter for
transfer of fluids (Ingram et al., 1999).
The device samples by introducing heparinized saline (5000 IU/ml) down one
side of the double lumen catheter to the tip where it mixes with jugular blood being
continuously drawn up the second lumen by the action of the second pump until reaching
the rotary switches and collected into one of the 74 separate blood collection tubes. Bolus
injections of substances (e.g. ACTH and CRH) can also be administered to the animals
remotely via aligning a valve to a specific port containing the substance and reversing the
blood pump (Ingram et al., 1999).
The automated blood sampling system used in this study (The Ice Sampler™,
Remote Animal Monitoring Solutions, LLC, Starkville MS, USA), is specifically
designed for use in adult cattle, and is somewhat similar in performance and structure to
the Dracpac. The sampler’s dimensions are somewhat similar (height 132.0 mm, width
174.5 mm, diameter 186.0 mm), and weighs 2.75 kg excluding outer cover. The
mechanisms of the sampler are contained within a housing which is designed to
withstand farm environments, prevents evaporation and contamination of blood samples,
and provides samples to be maintained at a low temperature while being collected. The
sampler houses a single peristaltic pump in which blood retrieval is processed via single
lumen jugular catheter. The sampler does not have the option of infusing substances into
the bloodstream as seen with the Dracpac. It also contains a battery pack and a
microprocessor unit capable of pre-programming the mechanism via laptop to sample at
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pre-defined times or intervals using the provided software. Samples are collected into one
of 16 blood tubes (4.5 mL Monovette, Sarsdetd Ltd, Numbrecht, Germany), which are
placed with a rotating carousel in the unit. The carousel also incorporates a plastic bag
which contains heparinized saline, for clearing catheter lines between sampling, and also
a waste bag in which pre- sample jugular blood is collected. Fully sampled carousels may
be replaced entirely after a sampling session, or removed and replenished with fresh
tubes, heparinized saline and waste bags without the removal of the entire device from
the animal. The mechanism is fitted into a padded backpack which is placed on the
animal and the catheter line is covered by a Lycra protective chest cover that prevents
disturbance from other cows.
Sampling is processed by first withdrawing a predetermined amount of “waste
blood” from the animal’s jugular catheter and it is distributed into the plastic waste bag
via a fixed needle apparatus in front of the carousel. The carousel then rotates to the first
sample collection tube (tube 0) and the pump injects the blood at a specified interval and
speed programmed by the user. When the sample tube is complete, the carousel then
rotates to the heparinized saline bag, and the pump is reversed to inject this heparinized
saline solution into the catheter to prevent possible clotting. After injection, the carousel
again rotates until the needle is aligned with the heparinized saline bag (home position),
is inserted within the solution to clean the needle while remaining there until further
sampling processes occur. This procedure can be repeated 16 times at user defined
intervals before the carousel must be replaced.
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Objective
The objective of this initial study was to test the effectiveness of an automated,
remote blood collection system (The Ice Sampler™) in ambulatory, unrestrained adult
cattle. Remote blood collection systems have been used for several years, yet not
extensively enough to be considered a positive factor in the research environment in all
aspects. In the course of this study, we intend to thoroughly investigate the functionality
and performance of this automated blood collection system to determine its efficacy in
the research setting.
Materials and Methods
Endocrine Measurements
The study was performed at the Mississippi State University Bearden Dairy
Research Center in Starkville, MS. For this initial trial, two Holstein cows were used for
hormonal profile analysis and mechanical function tests of the remote blood collection
device. The animals were corralled into the working facility and restrained for further
preparation. Each cow was catheterized using a modified methodology observed in
previous studies (Sakkinen et al, 2004; Hattingh et al., 1988), using a single lumen
catheter place into the jugular vein which was held in place by surgical suture, gauze, and
then secured again using surgical wrap. Once catheterized, the subject was released from
the chute and restrained at a fence post to fit the Ice Sampler™ padded backpack
apparatus and Lycra chest cover. Prior to installation of backpack and chest cover, the Ice
Sampler™ mechanism was given a newly charged battery unit and programmed using the
provided software to sample at a 15 min interval via USB connection to a laptop
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computer. The carousel was also filled with fresh blood collection tubes, along with
plastic bags with heparinized saline, and waste collection. The completed carousel was
then placed into the mechanism and the system was ready for launch. The mechanism
was then covered by its plastic lid, placed into the backpack apparatus and the catheter
line was connected to the peristaltic pump through aligned points of insertion through the
backpack and mechanism. Along the sides of the backpack, ice packs were placed to
maintain a cool temperature of samples during collection. After being tested for proper
installation, and exclusion of any catheter line problem, the system was launched via the
control module attached to the unit.
To assess the dynamics of the sampling system for hormonal measures (e.g.,
cortisol), an injection of porcine ACTH (fragment 1-39; Sigma Chem. Co., St. Louis,
MO.) was administered (0.125 IU/kg BW) via manual I.M. injection at 30-min after Ice
Sampler™ launch providing two pre-challenge samples.
Once the Ice Sampler™ operation was verified following launch initiation, cows
were released into pens with ad libitum access to food and water until device sampling
was completed. Upon sampling completion, the cows were again brought into the chute
and the carousel was replaced; along with the battery unit to ensure proper voltage
throughout sampling. The sampler was again programmed for another sampling session
at a 15 min interval without ACTH for baseline cortisol measurements. Cows were then
released into pens. All samples retrieved from the prior session were placed on ice for no
longer than 1 h before being processed. At the end of the second session, the
methodology above was repeated with a modification of sampling interval (60 min
interval) for overnight cortisol determinations. The three sampling sessions 15 min with
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ACTH injection, 15 min baseline, 60 min overnight, were analyzed and plotted as a
single profile. The sessions were repeated again (15 min with ACTH injection, 15 min
baseline, 60 min overnight) to obtain a second profile when possible without removal of
the mechanism.
Sampling Intervals
Cows were sampled over several hours using the variable time intervals
mentioned above. Cow 526 completed a total sampling time of approximately 40 h, while
Cow 422 completed approximately 20 h of total sampling time. Each sampling session
was measured over the completion of a single carousel collection (16 tubes). A completed
profile consists of 3 sampling sessions; 15 min with ACTH administration, 15 min
baseline, 60 min and overnight sampling (20 h per profile). Within the trial, Cow 526
provided 2 complete profiles (n = 88 total samples; 32 ACTH challenged samples, 32
baseline samples, and 24 overnight samples). However, failure of all 12 blood collection
tubes post-carousel removal of the overnight sampling session inhibited cortisol
measurements (n = 76). Collections from Cow 422 yielded 2 carousels (n = 32 total
samples; 16 ACTH challenged samples and 16 Baseline samples) which were used for
hormone analysis. During the overnight sampling of Cow 422, the sampler failed at the
second sample of the intended twelve collections, inhibiting overnight cortisol analysis.
(For collection regimen see Table 5.1). Total collection time is indicative of actual
duration in which the sampler was in action, and does not depict the absolute duration in
which the animal was fitted with the mechanism.
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Data Analysis
Data Logs
On-board memory from the Ice Sampler™ allows users to download via USB
data logs generated during sampling sessions. Data logs are intended to document
mechanical failure, sampling interval disruption, or tube failure during the sampling
process. Such technology is unmentioned in previous studies using other large animal
oriented automated sampling systems (Deer: Dracpac, Ingram et al., 1997, 1999). These
logs were downloaded and analyzed to assess any failure encountered by the mechanism
and to also provide sampling interval measurements throughout the trial. Sampling
interval variability was measured within each session of sampling (coefficients of
variation), and this data was also compared to subsequent sessions of the device. Below,
Tables 5.4 and 5.5 provides insight to possible variation within sampling intervals and is
representative of data logs downloaded from Ice Sampler™ Mechanism using
manufacturer’s software via USB. This data was collected while the system was attached
to the animal (“cow–side”) between each carousel change prior to the next sampling
session initiation (See Tables 5.4 and 5.5).
Sample Collection Weights
Sample variations among tubes within a single run were commonly noted. The
cause of such issues may be attributed to many factors (see Discussion).
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Sample Quality
During examiniation of samples post collection, variation was noted within
sample color and consistency. The samples often contained large amounts of heparinized
saline that should have been deposited in the waste bag. Variations were seen both within
each carousel of samples and also between carousels collected during sampler operation
(see Discussion).
Statistical Analysis
Statistical analysis was performed using ANOVA (factorial and repeated
measures where appropriate) to ascertain physiological status (cortisol concentrations),
time (15m or 1h intervals) and respective interactions. For mean separation of study
parameters, the Student’s t test was employed and data expressed throughout as the mean
± SEM.
Table 5.1
Ice Sampler™ collection regimen1
Carousel Number
1
2
3

Ice Sampler Collection Regimen
Sampling Interval
Session Type
15 min
15 min
60 min

ACTH administration
Baseline
Overnight

1

Intended Collections
16 samples
16 samples
12 samples

Sampler collection regimen explaining the frequency of sampling, defining sampling
session type, and number of (intended) blood samples obtained in relation to carousels
used. Carousels 1, 2, and 3 constitute a single profile and the three carousel methodology
was repeated to collect subsequent profiles.
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Table 5.2
Cow # 526 sampling protocols illustrating sampling intervals, sampling durations, and
session type, along with (intended) sample collections
Cow # 526 (Total Sampling Time = 40 h)
Interval
Duration
Session Type
Intended Collections
Profile 1 Carousel 2

Carousel 1
Carousel 3

15 min
15 min
60 min

1030 h - 1435 h
1440 h - 1834 h
1919 h - 0723 h

ACTH administration
Baseline
Overnight

16 samples
16 samples
12 samples

Carousel 1
Profile 2 Carousel 2
Carousel 3

15 min
15 min
60 min

0737 h- 1139 h
1350 h - 1645 h
1653 h - 0739 h

ACTH administration
Baseline
Overnight

16 samples
16 samples
12 samples

Table 5.3
Cow # 422 sampling protocols illustrating sampling intervals, sampling durations, and
session type, along with (intended) sample collections
Cow # 422 (Total Sampling Time = 20 h)
Interval
Duration
Session Type
Intended Collections
Carousel 1
Profile 1 Carousel 2
Carousel 3

15 min
15 min
60 min

0848 h - 1320 h
1321 h - 1800 h
1815 h - 0720 h
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ACTH administration
Baseline
Overnight

16 samples
16 samples
12 samples

Table 5.4
Cow # 526 representative 15 min sampling session as determined from Ice Sampler™ log
entries
DAY
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
22
22
22
22
22
22

MONTH
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar

Cow # 526 15 min Sampling Session

YEAR
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008

TIME
21:39
21:39
21:39
21:39
21:39
21:39
21:39
21:40
21:54
22:09
22:24
22:39
22:54
23:09
23:24
23:39
23:54
0:09
0:24
0:39
0:54
1:09
1:24

COMMENT
Device programmed
Sequential sample mode set
Using a sample interval of 15 minutes
New carousel Loaded
New carousel Loaded
Scheduler started
Scheduler started
Sample to tube 0
Sample to tube 1
Sample to tube 2
Sample to tube 3
Sample to tube 4
Sample to tube 5
Sample to tube 6
Sample to tube 7
Sample to tube 8
Sample to tube 9
Sample to tube 10
Sample to tube 11
Sample to tube 12
Sample to tube 13
Sample to tube 14
Sample to tube 15
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INTERVAL
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:14
0:15
0:15
0:15
0:15
0:15
0:15
0:15
0:15
0:15
0:15
0:15
0:15
0:15
0:15

Table 5.5
Cow # 422 representative 60 min sampling session as determined from Ice Sampler™ log
entries
DAY
22
22
22
22
22
22
22
22
22
22
22
22
23
23
23
23
23
23

MONTH
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar

Cow # 422 Representative 60 min Sampling Session
YEAR
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008

TIME
18:10
18:10
18:10
18:10
18:10
18:10
18:11
19:11
20:11
21:11
22:11
23:11
0:11
1:11
2:11
3:11
4:11
5:11

COMMENT
Device programmed
Sequential sample mode set
Using a sample interval of 60 minutes
New carousel Loaded
New carousel Loaded
Scheduler started
Sample to tube 0
Sample to tube 1
Sample to tube 2
Sample to tube 3
Sample to tube 4
Sample to tube 5
Sample to tube 6
Sample to tube 7
Sample to tube 8
Sample to tube 9
Sample to tube 10
Sample to tube 11
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INTERVAL
0:00
0:00
0:00
0:00
0:01
1:00
1:00
1:00
1:00
1:00
1:00
1:00
1:00
1:00
1:00
1:00
1:00

Table 5.6
Cow # 526 sample weights in tubes over the duration of five successful sampler
launches1

Cow # 526 Sample Weights (g)

Tube #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Waste
Saline

Session 1
5.305
7.151
4.921
5.885
7.206
7.134
7.099
6.796
7.087
4.956
7.028
7.075
4.514
7.047
7.002
6.966
52.520
29.503

Session 2
7.067
6.928
6.981
7.087
7.023
7.268
4.487
5.165
4.735
5.361
7.049
6.093
7.058
7.125
7.189
7.138
49.079
27.373

Session 3
7.141
5.614
7.099
4.592
5.857
5.497
6.814
6.875
6.773
6.488
4.635
6.106

Session 4
6.702
6.595
6.720
6.750
6.778
6.666
6.626
6.447
6.485
5.832
6.608
6.553
4.497
6.697
6.392
6.810
39.714
40.458
38.260
29.102

AVERAGE
STDEV

6.448
0.969

6.485
0.974

6.124
0.898

6.447
0.569

Session 5
6.827
6.825
6.823
6.689
6.724
6.780
6.720
6.842
6.695
6.659
6.612
6.654
Error
Error
Error
Error
44.178
39.977
6.738
0.079

(Empty Tube = 4.215 g)
1

During session 5, the sampler failed at tube 13 and was unable to collect further
samples (Weights are composed of tube and contents).
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Table 5.7
Cow #422 sample weights in tubes over the duration of three successful sampler
launches1

Cow # 422 Sample Weights (g)

Tube #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Waste
Saline

Session 1
7.496
7.363
7.453
7.463
7.519
7.580
7.318
7.376
7.413
7.276
7.420
7.484
7.461
5.553
7.478
7.310
49.583
33.714

Session 2
7.388
7.339
7.314
7.417
7.535
7.410
7.521
7.488
7.597
7.444
7.597
7.619
7.676
6.859
7.562
7.540
54.036
22.844

Average
STDEV

7.310
0.476

7.457
0.190

Session 3
7.404
7.306
Error
Error
Error
Error
Error
Error
Error
Error
Error
Error

(Empty Tube = 4.215 g)
1

During session 3, the sampler failed at tube 3 and was unable to collect further samples.
Consequentially, the sampler was unable to be launched in efforts to gather a second
profile from cow # 422 (Weights are composed of tube and contents).
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Results
Endocrine Parameter Analysis
Elevated cortisol post-ACTH (and/or initial handling) was evident in Ice
Sampler™ collected samples, and were greater (P < 0.05) than baseline cortisol by 3.5 h
post-ACTH (0.22 ± 0.03 ug/dl; Range: 0.001 to 0.69 ug/dl). In cow 526, there was a
significant difference (P<.05) in cortisol elevation after ACTH injection between profiles.
ACTH infusion and baseline samples were taken over 15 min intervals, while “night”
samples were obtained using 60 min sampling intervals. Peak cortsiol concentrations are
apparent in profiles one and two occurring at 15 min and 30 min respectively, post
injections of exogenous ACTH. Differences in responsiveness to ACTH infusion can be
seen when comparing the two profiles, and it is unclear as to what may have occurred to
decrease uniformity of response. It is unknown as to what degree of stress the animal
experienced as the samplers carousel was replenished for the proceeding profile. PreACTH samples obtained during this sampling also provided insight into a slightly more
apparently “stressed” animal. (See Figure 5.1)
Cow 422 provided a single cortisol profile. Sampling intervals are as previously
stated. Pre-ACTH infusion cortisol concentrations are higher than the latter recorded
baseline concentrations. Though this occurrence skews proper cortisol release
measurements, there is an evident decline in cortisol post-ACTH infusion, similar to
concentrations found in cow 526. (see Figure 5.2)
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Figure 5.1 Cortisol concentration profiles collected from cow # 526 using the Ice Sampler™ system
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Figure 5.2 Cortisol concentration profile collected from cow # 422 using the Ice Sampler™ system
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Session Interval Measurements
The sampling intervals did not significantly vary within sampling of a single
session, nor did they vary between samplings among different sessions. Intra-sampling
coefficient of variation (CV %) for precision of sampling time was 0.13%. Only 1.8% of
recorded sampling events indicated a deviation from expected sampling time (±5 sec in
both cases). With this data, researchers can be certain that the Ice Sampler™ system can
obtain samples with prompt time measurements. This is very important in providing data
points in which time is essential to sample collection such as endocrine response to the
introduction of exogenous hormones. To current knowledge, this is the first time that an
automated blood sampling system’s session intervals have been analyzed to ensure
proper automated blood collection in a large animal experiment.
Sample Collection Weights
Intra-sampling CV% for tube blood volume within sampling sessions was
25.17%. However, across sampling sessions the inter-sampling CV% for tube blood
volume collected was 83.47%, indicating a high degree of variation in sample volume
collection (see Tables 5.6 & 5.7).
Discussion
Variation among sampling was noted in both subjects’ profiles. Low
concentrations of cortisol concentration may be due to variability seen within sample
quality (absent measurements are a result of poor sample retrieval or “skipped” blood
collection tubes during automated sampling). Cow 422’s sampler seemed to obtain
greater sample volumes with a lower standard deviation amongst samples within a single
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session. While subtle, this may also indicate some possible differences among the
mechanics of the individual devices. There are some variables that are user controlled
(i.e. pump speed, catheter lengths, etc.), but concerns of catheter patency issues are
uncontrollable and are subjected to performance variation from its original manufacturer.
Also, operation naturally influences on certain mechanical aspects of the sampler as it
operates (i.e. battery function, and pump tube elasticity). To exempt failure from these
items, the battery was changed after each run, and the pumping mechanism was
examined thoroughly between each run for any deficiencies. This created an equal
sampling effort during each session of the system.
In cow 526, there are two samples that were analyzed that did not follow the trend
in declining cortisol level after injection. Variations such as these have been noted in
studies by Ingram et al., (1999). There is a possibility that the animal may have
confronted an unknown stressor during sampling, triggering an elevated cortisol level. It
is also possible that the samples may have not been properly obtained via the mechanism
henceforth causing heparin contamination and decreased hormone presence. Until other
trials with the system are conducted and examined, it is uncertain as to what may have
happened during the sampling period observed in this preliminary study. The elevated
Pre-ACTH infusion cortisol concentrations as compared to the latter recorded baseline
concentrations in cow 422 may be due to stress induced during the system fitting process
in which typical restraint methodology was used. It is important to evaluate the general
well-being of the animal while being prepared for sampling, due to the possibility of
recording induced response based on the animals’ temperament, instead of induced
cortisol release.
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There are many issues that may result in variable sample collection weights.
Battery strength is unknown during operation of the sampler, and power consumed while
the machine is on “standby” for the next sample is unidentifiable. Pump tube elasticity
changes during use also poses problems. During pump operation, the tube may stretch
beyond normal flex parameters in turn decreasing proper distribution of blood to sample
tubes. Catheter lines may become clogged, kinked, or contain air which can diminish
proper collection technique as seen in studies by Ingram et al., (1999). These issues may
promote a hindrance in accurate sampler function and therefore cause great variability in
sample collection weights (see Tables 5.6 and 5.7).
The Ice Sampler™ system flushes the catheter line with heparinized saline after
each sample collection. In theory, the system is designed to flush the heparinized blood
from the catheter into the waste bag before taking a future sample. This differs from the
methodology of heparin delivery seen in the Dracpac in which a double lumen catheter is
used and is modified by shortening the end by ~ 5 cm and removing 1-2 mm of the wall
between the two lumina at the tip to facilitate optimal mixing of heparin outflow and
blood inflow (Ingram et al., 1999). However, with the Ice Sampler™ heparin delivery
method, samples from a single run were noted to vary in respect to sample quality. Some
samples were noticed containing high volumes of heparin solution infused with collected
blood. Heparin contaminated blood filled the sample tubes in place of fresh blood, which
could possibly skew hormone measurements. Though automated sampling efficiency was
noted as lower than standard blood collection methodologies (90% for 24 hr sampling
and 77% for challenge days) in the Dracpac system, it is unclear as to what issues
plagued its reliability, and heparin contamination is not mentioned (Ingram et al., 1999).
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Until further analysis, it is unknown as to what degree of heparin contamination is
present within samples and how this may have impacted concentrations of cortisol. This
issue can possibly be resolved by adjusting pump speed and pump timing via Ice
Sampler™ Software, thereby increasing the volume deposited to the waste bag and
increasing pull from the pump mechanism.
The Ice Sampler™ system is designed to competently collect blood samples from
cattle using the least amount of human interaction as possible. Effective remote blood
collection would greatly benefit studies evaluating animal welfare within the
management environment, and permit physiological processes to be monitored in a noninvasive manner. Bubenik and Bubenik (1979) conveyed details of a remote controlled
self contained blood sampler for use with large animals (e.g. equine, bovine, white-tailed,
and red deer). Falke et al. (1985) provided insight to a pressure controlled remote
sampling system used to gather parameters from seals. A review of literature found that
this technology may not have been developed further or used extensively in animal
management practices but it is an unquestionably an early technologies aimed at remote
blood collection systems.
Results from analyzed blood using automated sampling devices compare well
with previous studies using similar hormone measurement mechanisms (see Ganhao et
al., 1985; Ingram et al., 1997, 1999; Sakkinen et al., 2004; Hattingh et al., 1988). Also,
results are comparable to standard blood collection technique analysis with lessened
induced stress as seen by Ingram et al. (1999). Studies by Ingram et al. (1999) also
examined other physiological factors (e.g. body temperature, heart rate, and plasma
catecholamine) and found that automated sampling techniques provided lower or no
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significant differences in values of such indices in comparison to manual blood
collection. During the study, Ingram et al. (1999) also noted a 5 to 6 fold increase in
plasma cortisol concentrations using manual collection techniques in comparison to the
use of their automated sampling device. With this said, it is possible to assume that blood
sampling methods that require physical restraint may cause physiological stress in
animals indicated by increased plasma cortisol concentrations.
Throughout the duration of the current trial, several mechanical problems were
encountered. Carousel fitting issues were observed and would inhibit easy blood tube
replacement if the user had not previously matched them with the proper sampler. Also,
the waste and saline bags were secured using tape to prevent the carousel from becoming
immovable when trapped against other mechanisms within the housing while rotating.
The fixed needle apparatus was often examined as being off center when piercing the
blood collection tubes. This can possibly be fixed through the system’s needle alignment
processes, but was consequentially noted to become askew after several uses.
Pump timing controls the volume of sample pulled from the animal. This also
became an issue in the use of the sampler. It was set prior to use, however the amount of
sample obtained in blood tubes fluctuated and varied within runs. The mechanism also
pulled a small sample in several tubes. This can be attributed to catheter length/ pump
timing also. These issues may be resolved using the systems software to better control
pump speed in relation to catheter length.
A general display of the sampler’s operation would greatly benefit the user. With
the lack of a display, the sampler did not provide battery strength, sampler failure, or
missed tubes. This information can only be obtained after the data logs have been
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downloaded via USB. Being an early model, several of these changes would benefit the
usefulness of the system in the future. Many of these problems can be fixed with more
design detail. Some problems may be “user-oriented” (i.e. carousel fittings, bag
placement, catheter, etc). However, when the system does work it works well, however
when it fails it may not be clear when this occurs or what caused the malfunction or a
missed sample; that is, whether it was a sampler failure or indwelling catheter failure.
Conclusion
This study has for the first time determined the plasma cortisol response of
ambulatory cattle to an ACTH infusion using the Ice Sampler™ remote blood collection
system. Using this system, it has been proven possible to obtain blood samples with
minimal human interaction as well as obtain samples qualified for hormonal analysis to
determine “actual” baselines. During the experiment, animals did not seem disturbed by
the actions of the sampler while the system was in use. Cow #422, however, expressed
behavioral aspects of stress while the sampler was being fitted which can be viewed as a
possible explanation for increased cortisol concentrations during pre-ACTH infusion
sampling. Also, low concentrations of cortisol were seen over several sampling sessions
in both animals. It is unknown as to what could have caused such concentrations, but
there is a possibility that sample quality (heparin contamination) may play role in such
instances. Cow # 526 provided a difference in response to ACTH injection in profile 2 in
comparison to profile 1. This may be due to general response variations of the individual
cow, and unfortunately could not be compared to profile sets that were intended to be
generated by cow # 422 due to sampler failure. Cortisol concentrations were similar to
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concentrations found in previous studies of cattle species with exogenous ACTH
introduction during peak corticoid concentrations, but concentration decreased below
preceding study observations within baseline measurements (Verkerk et al., 1997).
Overall, the sampler was effective in detecting increases in circulating cortisol
concentrations due to the introduction of exogenous ACTH with results similar to those
found in studies using comparable automated sampling devices (Ingram et al., 1997,
1999; Sakkinen et al., 2004).
Mechanical failure of the system seemed to inhibit proper collection in various
sample sessions. These conflicts may be the cause of low cortisol concentrations in the
recorded profiles, and deterred retrieval of some samples during blood collection. The
problematic indices must be verified extensively and user error must be excluded before
maintenance of the apparatus can be achieved. Data logs provided a detailed account of
difficulties faced by the system during operation. But with this said, user error may cause
excessive faults that produce mechanical failure. The system’s timing interval seemed
precise and adequate for timed studies when the sampler functioned properly. This is
important in obtaining data sets in which HPA activity must be monitored over intensive
time periods. The volume and quality of blood drawn from each session varied both
within and between runs, and needs to be addressed. Once again, these errors can
possibly be corrected with further experimental use and via the included software. To this
end, the Ice Sampler™ was effective in achieving this degree of blood sampling in
ambulatory, unrestrained cows, however aspects of the sampler’s performance may
require further development for improved consistency of sample collection.
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